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PREFACE 


The reader will not iiiul within the limits of this work a erit- 
ieal treatise ii])on hydraulics. In discussinjr, within the spa«‘(' 
that is here assipined, formulas that cover a lar^t' fic'ld, all 
theoretical n^fineuKUits and many j)ractical dc'tails must lx* 
[)assed without iioti(‘e. 

Nor are the tables desij 2 ;ned for ^ the precise determination 
of every i)robleTn that may arise;^ but th(*y are intendcal to 
secure by direct inspection, or with easy mental inter|)olations, 
a elos(‘ a])f)roximation to the answer desirtal. d'he results, 
thus obtained, will often be exact enough for any purpose, 
and if the functions are n^asonably well balancc'd and all c(>n- 
ditions remain within j)ractical limits, th(‘y will be found accurate 
enough for the solution of any ])robl(‘m that is likely to arise 
in an ordinary enj^ineerin^!; practice. 

My purpose has b(*en to cov(*r tlu* hydraulic field with a 
network or p:rill of s olved ])robU‘ms, wherein one may find 
something that will lie tolerably n(\‘ir any (|U(‘stion that may 
arise, rep;ardint 2 : the flow of wat(*r in t‘ith(*r cl(>s(*d or op(*n con- 
duits, with any reasonabl(‘ assumption of rugosity and with any 
rational arrariji;ement of p;rade, in fpiantilies from a small frac- 
tion of a foot to several thousand fe(*t per sei'ond. 

1 would have refi:arded the work as (|uit(^ Ixwond my efforts 
had it not been for the elaborate tabh's c.ompih‘d by Mr. 1*. J. 
Flynn, C.E., for his “Flow of Water in Irrigation Canals, ” 
published by George Spaulding S: Co., of San Francisco, ('al., in 
the year 1S92. When available, I have used Mr. idynn’s tabu- 
lated coeflicients without reserve, and have followed his 
methods in comjiuting (others as nxjuired. 

Idle number of exact determinations by this handbook is 
small when comjiared with those made jxissible by usin^; Mr. 
Flynn’s tables, but I have carried the work a step further 
than he, and give a series of solved j^roblerns from which the 
approximate information is obtained by direct inspection. In 
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addition to th(‘ standard velocity and discharj^o tables, a num- 
ber sup]»lern(aital thereto have been j)rc‘|)ared, some of which 
will siinj)lify interpolations and comparisons when using the 
main tables, while others will at times be found convenient 
for reference and a ready assistant in making computations. 

The controlling motive; of the author has been to present in 
j)Ockct form, at least one practical solution that will closely 
approximate any reasonable problem that may arise regarding 
the flow of water, together with such accessory information 
as the limits thus pres(;ribed would ])(Tniit. 

Should the prof(;ssion find thc;se tablets as convenient as 
the compiler thinks he would have found such a volume in 
his own practice, he will consider himself abundantly repaid. 
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PART I 


INTRODUrTORY 

Abot’t tho yoar lS<ir), whon plans for a niinihor of irriiration 
and ])()\vor scluanos w(Tf proposed, 1 (‘onipntt'd by !\uttrr’s 
formula a ^rill of ])r()hloms to covct a lar^ijo part, of tho 
work undor considi'ration. Ilydraiilio canals usually traverse 
material that chaiif^es frf)m solid rock to loose earth, sand 
or j^ravel, in a manner that necessitatc's a prompt change in 
the j)roportions and ^rad(^ of th(‘ chanru'L The Parot ('anal 
from th(‘ .h'fh'rson River napiired, inuhT normal conditions, 
a cross-sectional area of about 100 sepft., and my first corn- 
j citations w(‘r(* madt' for two d(‘jrrees of rouji;hness, three* dis- 
tinctive cross-sections, and four assum])tions of ^rade, all 
arran^!;ed for the specific w(»rk in hand. This com])ilation was 
us(‘d with so much satisfaction that it was (*xt(‘nded 

to cov(*r oth(T work, and (*v(*ntually insj)ir(*d me to compute, 
for the oflice of Ilar])er, Macdonald Ar (’o., of Butte, a f^rill of 
])roblems for open ehanneds, including evtTvthin^ likely to arise 
in our i>ractice. 

That uiidertakinjz; was well advanced when all that 1 had 
prepared, toj^ethor with my copy of Mr. Flynn’s work, was 
biiriK'd in the fire that followed the San Francise^o earthejuake* 
of Afu-ll IS, IbOb. I later had abundant r(*a.son to regard the 
loss of Mr. Flynn’s tables as most unfortunate, as some* two 
years passed before I was able to ()btain finother (*opy. In 
the meantime, while d<*f)endinK upon memory in re-forming 
iny work u])on a more extended scab*, I faikal to makr; a number 
of my fiirade values agree with those used by him in computing 
his coeflicients — a circumstance that has n(*cessitated innumerable 
needless int(‘rpolations, and, in some of th(^ low’est grade col- 
umns, lias introduced occasional variations in the* last d(*cimal 
from the n'sults obtained by using the formula, but th(^ widest 
ditTerence observable will have no yiractical effect ufion the 
rough-and-ready calculations for which the tables are esfiecially 
designed. 
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It is not prosinnocl that this handbook will su])orsode the 
formulas on any im])ortant work, for the T)rudent engineer will 
desire to ehc(;k the n^sults of his work in many ways, but it 
is eonfidcuitly believed that for all i)reliminary and reconnais- 
sance work, and for the general che(;king of li^'draulic com- 
ymtations, tlu^ tables will serve a usc'ful ]>urpose, while the form 
in whi(^h tlie book aj>|>(\ars will, 1 trust, be as acc(»ptable as 
any yet offered for fa^ld servi(‘-e. 

In prcf)aring tlu* flowage tables that follow’, 1 have used 
two formulas, for (closed ])i])es running full, to which the name 
of D’Arcy has Ixuui atta(*hed, four formulas for o]>en channels 
usually attributed to Bazin, aiul an expression af)])licable alike 
to open or close.d conduits, now’ very giaierally knowui as Kutter’s 
formula. As the e(j nations w ill all be further discuss(ul and the 
results of tlaar a,(‘-tion more fully com|)ared after the tables 
have been pn^sented, a bri(^f statement regarding tluar devel- 
opment will suflicu^ at this point. 

The D’Arey Fonnulas. luigineers in general have accorded 
to the experiments of D’Arcy an unusual degree of confidence 
because of his su])erior cqui])ment and eminent ability for 
the conduct of sia^h work. II is experiments, however, were for 
the most part confined to pi])es of less than 20 ins. in diameter, 
and though the field has been somewhat extended through the 
w^ork of others, the range of actual and thorough experimental 
confirmation still remains conijiaratively small, so far as I 
have been able to learn, l^ach of the D’Arcy formulas here 
used (see jiage 151) anticipates a. definite degree of roughness 
that necessitates an abrupt change from one to another, with 
no means of ('x])ressing an intermediate value. The range 
for rugosity as des<Tibed by the author is too narrow^ to permit 
a general apjdication, l)ut fur ])ipes of moderate diameter, and 
within the liinit(Ml range of roughness described, these two for- 
mulas are for good r('a,sona highly estemmi'd. 

The Bazin Formulas. D’Arcy and Bazin were, to a large 
extent, co-workers in the hydraulic field, and from their joint 
efforts four other exjiressions for velocity in o])en channels have 
been evolved that are generally known as the liazin formulas. 
(See i)age 153.) 

The unquestioned abilitj^ of these tw’o authors, together 
wdth the unusual confidence of a number of excellent authorities 
in some of the Bazin equations, moved me to compute Tables 
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XIII, XIV, XV, and XVI, in order that the flowaj^e results 
by his formulas might be more eritieally compared with those 
we obtain by using Kutter's expression. In doing tliis 1 have 
used a modified form of the Bazin exj)ressions as being better 
adai)ted for tabular work than the original (‘(jiiations. Mr. 
Flynn gives the Brandrelh moditieation of the fourth form, 
and I have followed him in reducing the first, s(*eond, and 
third forms (see i)age 154) to expressions mor(‘ suitable for 
my immediate ])urpose. 

As with the two by D'Arcy, so the four formulas by Bazin 
each assum(‘s a S|)eciric degree of roughm'ss tliat must <‘hange 
abrui)tly from one value to anotluT, an assum]>tion that does 
violence to our natural intuitions regarding the gradual in- 
crease of frictional resistance, as the walls of a conduit slo\Nly 
deteriorate, or the banks of a canal gradually fall bi*Iow their 
(‘stablished order and r(‘gimen. 

Bazin’s fourth form is highly recomimmdc'd, and is said to 
have been used with satisfactory results on small canals in 
India. His third, it appears (to judg(‘ by a comparison of th(^ 
velocity curves shown in the A]>p(‘ndix), might !>(» applual 
far more generally than the fourth, upon such slopcvs as are 
usually given to mining ditches and irrigation canals. I’Ik* 
range within which his first or second forms can b(‘ r(*gard(‘d 
as trustworthy is comy)aratively sm:dl. Nom^ of the* Bazin 
formulas, nor either of the D’Arcy eejuations can be n'garded 
as gnivraUy applinihlc, (S(M‘ discu.ssioii in Bart VII.) 

Kutter\s Formula. Kutter’s velocity formula (sec* page 157) 
was developed by Claiiguillet and Kutter, from observations 
more numerous and general in charac'ter than those used by 
D’Arcy and Bazin. Idiese observers were wcdl (‘(piipyxal for 
work of this character, as each had attained eminence in the* 
the engineering profession before entering ui)on the laborious 
and profitless task of deducing the ecpiation now so generally 
known as Kutter’s formula. 

I am aware that his velocity exyression lias been charac- 
terized as obsolete by engineers whose attainments entitle them 
to much respect, and that a portion of the data from which it 
was evolved is said to be of questionable value; but a charge; 
of this character can probably be sustained regarding nearly 
every empirical formula. 

However, notwithstanding its critics and all their objections, 
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Kutter\s formula has for years maintaiiiod its iiosition as the 
most trustworthy, all-around velocity e(juation extant, if indeed 
it he not the (trdy one that is entitled to that distinction. His 
use of a special factor r/, to whi(‘h iiiiitKa-ical values for the 
varying de^^rees of rugosity hav(‘ Ikhmi jissi^n(*d, as st‘t forth 
in the followinjj^ tahh', is the h'atun^ that renders his i*xpression 
for velocity so ^(‘iierally ap{)lical)le. 

In })repariiig tla* tahl<* 1 hav(‘ followed th(* wording 

of Mr. Mynn (wlio enulits Kutt(‘r, Jackson, and IliTrin), as 
his ])hrasinK is usually mon‘ supij^est ivi^ than tiie descri])tioiis 
given by others. 

TAHl.U DKKlMNd DKdKUKS OT U( )l ( IIINKSS, AND 
VAl.UKS FOR ?/, AS USKl) IN Kl TTKiUS FOPMl l.A 

In (iKNKUAli KOK AnTIKlCIAL CllAN.NKLS 

n=.()01) well-j)laned timber in perb'ct ord(T and alignment; 

otherwise perhaps .010 would b(‘ more suitablt*. 
7t=.010 nc'at cement, planed timber; and glazed, coatc’d or 
enameh^d surfa(;es of every sort when smooth and 
tru(\ 

n=.011 cement mortar (J sand) in good condition; also 
for iron, cement and terra-cjotta pi})e well joiiuai 
and in good order. 

n=.012 un])laned timber well joined and flush on tlu‘ in- 
side, flunK^s in good order; and rivet(‘d iron and st(‘el 
pipe in fair condition. 

71 = .013 ashlar and well-laid brick work; cement and terra- 
cotta. ])ipes imj)erfectly joined; cast- and wrouglit- 
iron i)i])e in indilTerent order; in general mat(?rials 
in('ntion(‘d with 7/=^ .010 and .011 when imperfectly 
joined or in an inftTior condition. 

77 = .015 second-class or rough-faced brick work; w(;ll-dressed 
stone work; foul and slightly tuberculated iron 
pipes; canvas lining on wooden frames; and i)ij)e 
lines in general that are ])oorly joined and in bad 
order. 

77 = .017 brick work, ashlar and stoneware in an inferior con- 
dition; rubble pointed with cement mortar; tuber- 
culated iron ])ipes; \vell-finished channels in fine 
gravel or earth that will retain an even face; and in 
general the materials mentioned \vith 7i— .013 when 
in bad order and condition. 

n=.020 dry rubble work; stone or brick masonry in bad 
order; w(dl kept canals in earth or fine gravel; and 
in coarse material if the sjiaces will fill with fine 
silt; and wooden flumes with battens closely nailed . 



Part I 


IXTRODrc^TOIiY 


13 


In General for Tortuot's Opkn Channels and 
Natural Watku-o ) r uses 

dry rubhlo in had order; eanals witli uniform 
(Toss-s('cti()n and above th(* average in order and 
r(*p;imen. 

canals and rivers of tolerably uniform cross-se(*tion, 
slope*, and direction, in moderately ^ood order ami 
re^iim'n, and fna* from stoni's and wevds. 
canals and riv(*rs in earth Ih‘1o\v the* av<*rap‘ in ord<*r 
and rc'^imc'iL 

canals and riv(‘rs in (*arth in rather bad <n-d(‘r and 
r(‘^imen, ha\'ini»: stom*s and \v<*(‘ds occasionally 
and soim'Avhat obs{riict(‘d l)y dt‘tritiis. 
suitable for rive'rs and <*anals in bad ord(‘r and 
re«»;inu‘n, overgrown with v(^p;(‘tation, or strewn with 
stones and detritus in larj 2 ;e e plant itic's. 

The talde is sometinu's extended to include Ji ~ .050 torrents 
encumben'd with d(‘tritus, and — .070 rivc'rs in ivirth stn*wn 
with stones and we(‘ds in p:r(‘at (piantit i(‘s: though an atO'inpt 
to estimate the resistance* e)ffe‘re*el by an encurnbenal torrent in 
(‘arth, or that olTere'd by an aepiatie* jj!:re)wth in a (‘oneluit, se*(,*ms 
rath(‘r impractical, aside* from the misne)meT inveilve-el in n'^ard- 
^ing (‘ilher as an ope'ii channe*! in tlu* semse in which we have 
been using that term. 

It seems appro])riate at this ])(»int to remark that the el(*gre*(* 
of roughness is usually the j)re)ble*matic, fae*te)r in all vele)e-ity 
fe)rmulas. The cross-see*tion anel sle>j)e of a water-way e’an 
generally b(* instrument ally determined with ]>recisie)n, ])Ut the 
element (jf ruge).sity is, and must re*main, a matt(‘r eif inelivielual 
judgment. The definitions given describe the* roughness of a 
surffirr, l)ut in ]u-actice there are otlier haiture.s b(‘side tlu? mere 
surface roughness that combiru? to retard tlu? flow, as, for in- 
stance, open-butt joints, insid(* rivets and batt(*ns, a varying 
section, an uneven dej)fh, bends and curvatun*, all of which 
conspire to make an estimate of tlie njtarding influences a 
^ difficult task. The selection of this factor on im])ortant work is 
never a matter for the layman, nor for tlu? lujvice in (*ngiiu‘ering; 
in fact, when expensive work is contemplated, cf)un.sel with tlu? 
l)est talent and with the broadest possible experience is a sure* 
and profit al)lc investment. 

The tables that follow are d(*signed to facilitate comi)U- 
ations by the formulas, but it should go without saying that 


R= .0225 

n = . 025 

n = . 0275 
r/-.0;U) 

0;J5 
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if the factors used are not correctly dotcrinined both the for- 
mulas and the tables will fail to give results that will be sat- 
isfactory. 

CKNEJIAL ARRANGEMENT OF THE WORK 

The flowage tablets and those accesory thereto, numbered 
from 1 to XXVIl, naturally fall intf) four distinct groups or 
Paris, whose, fundamental difTerenc(‘ is found in the form, or 
cross-section, of the conduit to which they belong. Th(‘ text 
that ]>reced(*s and that which follows the flowage tabh's is 
arrangtnl in thr(M‘ Parts, bas(‘d upon a marked difference in 
the siibjet^t-matter as ]>resented. A distinguishing mark ap- 
]Rjars at the to]) of (^ach page, that the reader may d(‘t ermine 
at a glance u])()n which of the seven l^aris that follow the book 
has been o])enod. 

Part 1. Introductory. 

Part 11. Fl()wag(' tables for cinailar pii)es, when running 
full or under j)ressure. 

Part HI. Flowage tables for rectangular open chaniK'ls, 
or timber flumes. 

Part IV. liowiige tables for open trapezoidal channels, 
ditches, and canals. 

Part Egg-sha])ed conduits; first, when running one- 
third full; second, when running two-thirds full; and third, 
when running full. 

Part VI. Miscellaneous tables, and other data conveni(*nt 
for field service. 

Part VII. A more extended di.scussion of the formulas us(*d. 

Ai>pendix. Tables comparing the coefficients of flow and a 
number of velocity charts contrasting the action of the various 
formulas. 

The headlines over all flowage* tables indicate the form of 
conduit, the formula emjdoyed, and the degree of roughness 
assumed. At the toj), in the table headings, will be found 
a diminutive sketch which shows the form or cross-section 
ui)on which the area («), and the hydraulic radius (r) have 
been calculated^ The square root of the sine of the angle of 
inclination is })laced at the head of the grade columns, 

while the accompanying numerals give the fall in feet ])er 
mile. The diameter, or dimensions of the conduit given in feet, 
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the cross-seetioriiil area ^iven in square feet, and for all irregular 
forms th(' value of r ainl its s(|uare root can he found in eolunins 
on the l<‘ft. At tlie interseetion of tin* diituaision lines witli tlie 
f»:rade eolunins apiiear, ahovi* in li^ht-fae(‘d type tiu* mean 
velocity in feet ])er second, and h(‘lo\v in heavy-fa(‘(*d type tlie 
discharge in cubic feet ]^er s(‘cond. 

An efTorl has been madi* to have ev(Ty essential featiin' 
ajipear on every page, that the information sought may be 
obtained or ai)j)ro\imated promptly, without furthiT (*ounsel, 
and without turning theU'af. Wlumtlic' exac t dimensi(»ns and 
gradi‘ d(‘sin‘d can b(‘ found in th(‘ table's, tin* problem is solved 
and the correct velo(‘ity and discharge' may be rc'ad din'ctly. 
Ilowevc'r, the iK'lpfulne'ss of any particular table* is not <*on- 
ditioiK'd U|)on finding a channel of any spe'c-ilie'cl dimensicais 
Uu'rein, as intc'rpolat ions an' (‘asily made with results that 
are alwtiys approximate if not c'xact. 

IXTKRPOLATIONS 

The Chezy formula for velocity is, r = rx//*.s’ = cX V/ X Y'-s, 
and all the velocity exjiressions Imtc* used may be* n'duced 
to this simjile form. It is <‘videnl that when r and e'ither r 
or s is constant, them v will be directly jiroportioin'd to the* sejuaro 
root of the either factor. In both the* D’Arey and Ihizin formulas 
the value of c is made to elepenei (*ntire*Iy upon /•, and is in ne> 
wise* afTe*e*tcd by ,s, while with Kutte'r, the* influe*nce* of ,s upon 
c is lu'gligible on all slopes gre*ate‘r than I in li(MM), and re*mains 
slight eve*n though the^ grade* be* rceluerd as low as 1 in r>0(M). 

With r remaining e*onstant, we may the're*fore:* interpolate 
with confidc*nce* liy elire^'t preiporliein, for exact value's of v 
and v^.s, from any of the flenvage table's, unle\ss the grade is 
lower than is usually employed in agricultural or municipal 
work, that is to .say, U*ss than about 1 ft. jier mile. 

But we cannot thus inter|)olate for exact valuers of /’ or the 
V7 (t*ve*n though s may remain constant), for any change in 
r will in some measure change the valuei eif r, but as the intervals 
between the graduated values of r in the table's a^(^ neve*r v<iry 
great, such intertiolations are always approximate; and exact 
enough for all ordinary purpo.ses. 

Let capital letters represent the knowm quantitie^s, that is, 
the values found in or taken from the tables, and small letters 
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the assumed, and unknown or required values the algebraic x, 
then any problem (for f, s, or r) may be proportioned after 
one of the following forms: 

First, for values of v or ^/s, when r remains constant: 

(a) For values of Vs” we have: 

V : v::Vs : x—Vs. (Exact result.) . . , (1) 

(b) For values of v we have. 

Vs : VT:: F : a;=y. (Exact result.) ... (2) 

Second, for values of VT or v, when s remains constant: 

(tt) For values of Vr” we have, 

V : v::Vli : x = Vr\ (Approximately.) . (3) 

(6) For values of v we have, 

Vr :V7::V :x—v. (Approximately.) . . (4) 

If the assumed grade or dimensions lie close to those of a 
channel found in the tables, nothing more than a rapid bal- 
ancing of obvious conditions will as a rule be required. When, 
however, the proportions are radically diflferent from anything 
to be found therein, calculations become necessary. 

Referring again to the Chezy formula, it will further appear 
that all channels with a specified grade and degree of roughness, 
that have equivalent values of r, will develop the same velocity, 
though their cross-sectional area and consequent discharge 
may differ greatly. 

When, therefore, the velocity or the discharge of a channel 
is desired, whose dimensions differ from anything found in the 
tables, compute the cross-sectional area, the hydraulic radius, 
and extract the square root of the latter. Then select from 
the table having the assumed degree of roughness, the value of 
r that comes nearest to the one computed and proceed to pro- 
portion for the value of v as above directed. For the discharge 
multiply the velocity thus obtained by the computed area. 

The foregoing propositions are so rudimentary in character 
that it seems idle to encumber the work with examples, but 
a single one may be permitted if I have otherwise failed in 
making the method clear. 

Example. What will be the velocity, by Kutter’s formula, 
in a channel whose bottom width is 70 ft., with bank slopes 
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IJ to 1, with a fall of 4 ft. per mile, if the depth of water be 
2 ft. ins. and the degree of roughness assumed as n = .025? 
As the proportions of this cliannel differ widely from anything 
found in the tables, we proceed by computation to obtain the 
following: 

0 = 187.63 sq.ft.; p=79.166; ^ =r=2.37; v'2:^=1.54. 

Turning now to Tabic XIX, in which n = .025, we find (line ) 
that 1.53 is the Vr that lies nearest the value just computed. 

It is now apparent that the velocity will h(» about 3 ft. per 
second, but as no value of s in the table liis vc;ry close to 4 ft. 
j>er mile, let the interpolation proceed. In 'i'abh^ XXVIl we find 
that on a grade of 4 ft. per mile the Vs has a value of .027524, 
whence by form (2) on the preceding page we have the following: 

.03162 : .027524 ::3.29 : x-2.86 = t;, 
exact when Vr = 1*53. 

We now approximate for v when Vr =1.54 by fonn (4) as 
follows: 

1 .53 : 1 .54 : : 2.86 : z = 2.8787 = v, 

(approximate only), and (aXv) 187.6»3X2.8787 =540.13, the 
discharge in sf'cond-feet. 

The velocity is 2.876 ft. when calculated by the fonnula. 
But it maybe said that the compmted valuer of Vr was unusually 
near a value found in the table. This is in a measure tru(i and 
always a pleasing circumstance when it dexjs occur, but to test 
the theory further, let us proiK)rtion from the next nearest value 
of vr found in the table (1.57), which will embrace a still wider 
interval. 

Thus, by form (2) 1.57 : 1,54 ::2.86 : x=2.805=velocity, 
and (aXv) 187.63 X2.805 = 526.30= discharge in second-feet. 

Though the above interval is unusual and unnecessary, the 
results approximate those obtained by using the formula. 

Both judgment and discretion should be exercised in using the 
tables (as they have their limitations) and it should be remem- 
bered at all times that when exact results are required they can 
be very easily overworked. This applies with sf>ecial force to 
conduits of large capacity in which it has been necessary to reduce 
the velocity values in the tables to one figure in decimals. 
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INTRODUCING THE TABLES 

Generally the dimensions of small conduits are given in 
inches, while those of larger channels are expressed in feet 
and decimals. The hydraulic radius of circular conduits is 
always one-fourth of the diameter. By omitting the values 
of r and its square root from the flowage tables for circular 
pipes (Part II), I have been enabled to give eight adjusted 
slope angles in ca(;h table instead of six, to which number all 
conduits in Parts 111, IV, and V have been restricted. 

CIRCULAR PIPP:S RUNNING FULL OR UNDER 
PRESSURE. (Part II.) 

At diameters of about TJ ins. the velocity (curves by Kutter, 
on such slo])es as are usually cmj)loyed, coincide with those by 
D’Arey, and 1 append i)arenthctically the degree of roughness 
manifest in each of D’ Arcy’s formulas at this ])oiut, when referred 
to the Kutter scale. 

Table I. By D’Arcy’s (first) formula; for now clean cast- 
iron pipes running full or under pressure. (The degree of 
roughness is about equivalent to Kutter’s n = .010). 

Table II. By D^Arcy’s (second) formula; for old cast- 
iron pipes lined with deposit. (The degree of roughness antic- 
ipated appears to be equivalent to Kutter^s n = .013). 

The four succeeding tables by Kutter give the velocity and 
discharge for eight graduated angles of inclination, adjusted 
to sitxy-six varying diameters, between 5 ins. and 20 ft., and 
united form a substantial grill for the solution of all problems 
relating to the flow in circular conduits when running full 
or under pressure. 

Table III. When the factor for roughness n = .010. 

Table IV. When the factor for roughness n = .012. 

Table V. When the factor for roughness n = .015. 

Table VI. When the factor for roughness n = .020. 

The hydraulic radius of a circular conduit when running 
full is always one-fourth of the diameter. It is so easily cal- 
culated from the diameter that the value of r and its square 
root was omitted from the flowage tables for circular pipes, 
in order to obtain two additional slope angles, but that these 
factors might be available when desired the following supple- 
mental table has been appended to this part of the work. 
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Table VII gives the diameter in feet and in in(*hes, the area 
in square feet, the hydraulic radius r and its sejuan* rout in feet 
for all the diameters that are used in the tables and a large 
number in addition thereto. When a star appears as a refer- 
ence mark it indicates that a number of workc'd problems for 
a channel of the exact dimensions given on that line will be 
found in the Kutter flowage tables. \\'h(Mi a dagger appears 
it signifies that a line of worked problems will bc' found in the 
D’Arcy flowage tables, while if both ap])ear it denotes that a 
number of solutions may be found in either of the tables named. 

RECTANGULAR OPEN CHANNELS, TIMBER FLUES. 

(Part HI.) 

Let it now be understood that the term as used h(*.re 

and in the tables, means hoUom width; that (ivpth means depth 
of water; that the term area refrTs to the wet or water area; 
and that in practice it will be n(M»essary to raise the sid(\s or 
banks on all open channels somewhat al)ov(j the heights hero 
given to prevent overflows and damage. The most advantageous 
proportions for a rectangular water-way is twi(ie as wide as it 
is deep, but in timber flumes at a depth of some 5 or fi ft. the 
increasing pressure near the bottom b(icomes a troublesome 
factor that usually demands an increji.se in the size of all dimen- 
sion material used, or a closer spacing of the framed members. 
As this depth is approached, economy suggests that further 
additions to the capacity sliould be secured by increasing the 
width of the water-way mon* rapidly than the dej)th. 

I have com])uted three flowage tables by K utter’s formula 
for rectangular open channels, and with a view of keeping the 
line of computed problems wdthin the bounds of jjractical 
timber construction have made all flumes, 5 ft. or less in depth, 
twice as wide as they are deep, and have jidded to the width 
in an increasing ratio on all conduits that have a depth of 
more than 5 ft. 

These tables present forty channels gradujited in width 
between 4 ins. and 40 ft., each comj)ut.ed for six adjusted slope 
angles and three progressive degrees of rugosity as follows; 

Table IX. When the factor for roughness n = .01 1. 

Table X. When the factor for roughness n = .013. 

Table XI. When the factor for roughness n - .015. 
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FOR OPEN TRAPEZOIDAL CANALS AND DITCHES. 

(Part IV.) 

Four flowage tables have been computed by the four dif- 
ferent formulas of Bazin, each for thirty trapezoidal channels 
and six adjusted slope angles. They have been extended 
beyond the limits within which the equations are regarded as 
trustworthy, with a view of securing a more general comparison 
with Kutter, a fact that should be kept in mind when referring 
to them for any purpose whatsoever. 

The degree of roughness contemplated for each formula as 
defined by Bazin is given below, and I append in parenthesis 
the range of this factor when referred to Kutter^s scale, for 
different values of Vr (when 8 = . 0003, or a fall of 1.584 ft. per 
mile) as a feature of passing interest. 

Table Xlll. By Bazin’s first formula. For even surfaces, 
fine plastered walls, planed planks, etc. (Referred to Kutter, 
when Vr = .5, n = .0095 (about), when VT = 2.0, n = .013, nearly, 
an average of about .011 for the value of n.) 

Table XIV. By Bazin’s second formula. For even surfaces, 
as cut stone, brick work, unplaned planking, mortar, etc. 
(Referred to Kutter, when vV=.5, n = .012; when Vr=2.0, 
n = .015, about, an average for n of .013 + .) 

Table XV. By Bazin’s third formula. For slightly uneven 
surfaces, such as rubble masonry, etc. (In this equation rough- 
ness fairly coincides with Kutter’s n = .017, for the entire range.) 

Table XVI. By Bazin’s fourth formula. For uneven sur- 
faces, channels in earth, etc. (Referred to Kutter, when 
V7=.5, ?i = .030, when Vr=2.0, n = .025, ah average for n 
of about .0275.) 

The Kutter flowage tables for trapezoidal canals are more 
pretentious, far more trustworthy and generally applicable 
than the preceding, and should be accorded the preference for 
all open channel work. They embrace sixty graduated con- 
duits, with bottom widths ranging between 6 ins. and 100 ft., 
each computed for six adjusted slope angles and for four degrees 
of roughness, as follows: 

Table XVII. When the factor for roughness n == .017. 

Table XVIII. When the factor for roughness n = .020. 

Table XIX. When the factor for roughness n = .025. 

Table XX. When the factor for roughness n » .030. 
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In Tables VIII, XII, and XXI, the factors have been arranged 
to assist in an approximation and rapid solution of a line of 
problems of frequent occurrence, wherein the quantity or 
volume of the flow is the only constant factor given, all others 
being variable and open for mutual adjustment under such 
conditions as each particular location may impose. 

As arranged, the (piaiitities appear in the first column, where 
the flow is expressed in both sec^ond-feet and in inches, while 
appurtenant on the right will be found five graduated con- 
duits, any one of which will convey the volume indicated under 
(jertain conditions. ^Fhe first and the last are intended to 
anticipate extrerru^ (U)nditions, while the three intermediate 
capacities will usually be found in the practical realm, from 
which the sclccition made will largcily depend upon whether 
economy in dimensions and consequent first cost, or economy 
in fall be the more iin])ortant consideration. 

Their ajiplicatiori will be best illustrated by an example. 

Problem. A volume of 400 sec.-ft. of water (1G,0(K) ins.) 
is to be conducted over a depression to the ridge opposite; 
what must be the capacity of an open timber flume to accom- 
plish the ])urpose? 

Solution. Referring to Table XII, we find J175 sec.-ft. to 
be the nearest computed quantity, and observe that a flume 
10 ft. in width carrying 5 ft. of water, on a grade of about 9 ft. 
to the mile, would very nearly accomplish the purpose, when 
the value of n is about ,015. We further observe that a flume 
24 ft. wide, 0.4 ft. decj), on a grade of 0.5 ft. per mile would 
convey somewhere near this quantit 3 ^ If economy in grade 
be of great imr)ortance, this section might be further con- 
sidered, but between these two extremes the elements are given 
for three other graduated (capacities from which a selection 
may be made. Kutter’s formula has been emi)Ioyed for the 
most part, though both those by D’Arcy and Bazin have been 
used on some of the smaller channels. A table of the char- 
acter above referred to, with the features and factors so dis- 
tinctly marked that no further explanation seems n(;ces.sary, 
follows the flowage tables proi)cr for the three forms of conduit 
named below. 

Table VIII. For circular pipes running full or under pressure. 

Table XII. For rectangular open channels and timber flumes. 

Table XXI . For open trapezoidal channels, ditches, and canals. 
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EGG-SHAPED CONDUITS 

This form of channel is rarely used except upon sewer work, 
and in this service its economical employment is limited to 
conduits of moderate dimensions and to lines having a medium 
grade. 

The purpose of the egg-shaped form is to secure as high a 
velocity as possible at low stages of the flow, thus keeping 
the line free from deposits, while insuring in the same channel 
a large carrying cajiacity at the high stages of its discharge. 
In small conduits there is but little advantage in the egg-shaped 
pattern, and cinailar pipes being more easily formed are cheaper 
and therefore more generally employed. For very large con- 
duits there are other forms to which, for other reasons, a pref- 
erence is usually given and in which the advantage of a small 
channel is secured by working one in on the bottom when 
required. Again, when the slope is sufficient to insure a good 
carrying velocity, the cinjular form is to be preferred; while 
if the slope angle be so small that a scouring velocity cannot 
be obtained, and some form of manual cleaning must at times 
be resorted to, the circular form is still preferable, as it is better 
adapted to the passage of every mechanical cleaning device. 

The economical use of the egg-shaped pattern is therefore 
confined to a modest range in dimensions and to a narrow 
compass of slope angles. Its use is restricted almost entirely 
to municipal service, but within the limits thus defined it is 
often emj)loyed to great advantage. There are several forms, 
differing but little in general outline, area, or cross-section, 
that accomplish the same purpose, but the one shown at the 
head of Table XXII is now very generally used and is regarded 
by many municipal engineers as the standard egg pattern. 
The figure and the data regarding it are taken from Mr. Plynn’s 
“Flow of Water in Irrigation Canals,” and I have used his 
factors of eVr^ by Kutter's formula, in calculating the veloc- 
ities given in the flowage tables. 

A comparison of the velocities and discharge will show the 
characteristic action of the fluid as the vclumc increases from 
one-third to full flow. It is interesting to note that the mean 
velocity is invariably higher at a two-thirds stage than it is 
when running full, though the discharge is greatest under the 
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latter conditions. When a star appears as a reference mark 
it indicates that a number of worked problems for a channel 
of the dimensions given on that line can be found in the flowage 
tables. After what has j)receded regarding the flow in other 
forms, no further explanation will be needed for a full under- 
standing and use of any of the tables named below. 

Table XXII. Giving the area, the value of r, and y/T for 
three different stages of the flow in egg-shai)ed conduits. 

Table XXIII. Flowage table for egg-shaped conduits when 
running one-third full. 

Table XXIV. Flowage table for egg-shaped conduits when 
running two-thirds full. 

Table XXV. Flowage table for egg-shaped conduits when 
running full or under pressure. 

OF THE FACrrOR r AND ITS SQUARE ROOT, vTi 

It should be observed that the symbol r, which is generally 
employed to denote the radius of a circle, one-half the diameter, 
is here used to indicates the hydraulic or mean radius; that is, 
the distance from the perimeter toward the center of a water- 
way where the current is moving at the mean velocity of the 
flow, its value is determined by dividing the wet or water 
area by the wet perimeter. The values of r and its square 
root have been given for all the irregular conduits used in the 
flowage tables, but as the Vr is a factor that is generally re- 
quired for interpolating values, in any of the tables, it seemed 
desirable that a much larger number than can there be found 
should be made available. 

Table XXVI gives a large number of graduated values for 
r and its square root in which it will be i)0ssible to find some- 
thing that will be very close to anything that can with reason 
be required. 

OF THE FACTOR (s) AND ITS SQUARE ROOT (V^. 

The grade, slope, or fall in a flowing body of water is meas- 
ured by the angle of inclination that a line drawn between the 
water level at the inlet and the outlet of a closed conduit, or 
the water surface of an open canal, makes with the horizon. 
Among the Western farmers and miners it is expressed by the 
fall in feet per mile, or the fall in inches per rod. Technically 
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it is a ratio of head to distance, obtained by dividing the fall 
in any section by its length, the quotient being the sine of the 
angle of inclination, which is generally symbolized by the 
letter s in modem hydraulic formulas. 

In the flowage tables the slope is indicated at the head of the 
grade columns by writing the square root of the sine of the angle 
of inclination (Vs), together with a numeral (in parenthesis) 
that gives the fall in feet i)cr mile. 

As the range of permissible grades from the smaller sizes 
of pipe to the larger channels is very great, the slopes have 
been graduated inversely as the cai)acity of the conduit, with 
a view to keeping the velocities within the usual limits of prac- 
tice; but despite this adjustment it will often occur that inter- 
vening values are required, as no slope found in the flowage tables 
will be close enough to the one desired. 

Table XXVII gives the ratio and percentage of the slope, 
the fall in feet per mile, all values of s and its square root that 
have been used in the tables, and a large number of intermediate 
values, some of which will lie reasonably near any rational 
grade or slope. 

As the elements to be obtained from this table will be used 
in connection with all the tables that have preceded it, it seems 
appropriate to place it at the close of this part of the work. 

The wide range in discharge values, from the third place in 
decimals to the fourth figure in whole numbers, together with 
the limited width of page and a desire to have all decimal 
points appear in a vertical line, has compelled the Author to 
delete the velocity values for some of the largest conduits to a 
single decimal. Should a more precise reading be desired, divide 
the discharge by the area as given and the result will usually be 
exact to the second and often to the third decimal place. 
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TABLE I.— CIRCULAR PIPES RUNNING FULL 


D’Arcy’s Formula 

Fob New Clean Cast-iron Pipes 

Light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 






Scuare Hoot of Sine of Angle of Inclination. 





I igures in Parenthesis. Fall in Feet per Mile. 


Diam 

Area 









6 

.02236 

.03162 

.04472 

.07071 

. 10000 

.14142 

.22861 

.31623 


ins. 

sq. ft. 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(106) 

(264) 

(528) 



.005 

.260 

.367 

.519 

.821 

1.16 

1.64 

2.60 

3.67 

1 

1 

.001 


ITTiTM 

.006 

0.01 

0.01 

0.01 



IH 

.009 

.306 

.433 

.612 

.967 

1.37 

1.94 

3.06 

4.33 

2 

.003 

■LHU 

Km 

HLLl 

0.01 



mxn 

3 

1 ^^ 

.012 

.348 

.493 

.697 

1.102 

1.56 

2.20 

3.48 

4.93 

.004 

.006 

.009 

0.014 

0.02 


0.04 

0.06 



.017 

.387 

.548 

.775 

1.225 

1.73 

2.45 

3.87 

4.48 

4 

.007 

.009 

KilLI 

\uwvm 

0.03 

0.04 

0.07 




.022 

.424 


.848 

1.341 

1.90 

2.68 

4.24 


0 


.009 

.013 


0.029 

0.04 

0.06 

0.09 

0.18 

6 

2}i 

.034 

.461 

.694 

.981 

1.551 

2.19 

3.10 

4.91 

6.94 

.017 

.024 

.084 


0.08 

0.11 

0.17 



3 

.049 

.551 

mBEm 


1.742 

2.46 

3.48 

5.51 

7.79 

7 

.027 

.038 



0.12 

0.17 

0.27 

0.88 

8 


.087 

.657 

.929 

1.314 

2.077 

2.94 

4.15 

6.57 

9.29 

4 

.067 

.081 

0.116 

0.181 

0.26 


0.67 

0.81 

9 


.136 

.750 

1.061 


2.372 

3.35 

4.74 

7.60 

10.61 

0 

.102 

mum 


0.323 

0.46 

0.66 

1.02 

1.46 

10 

6 

.196 

.834 

1.179 

1.667 

2.636 

3.73 

5.27 

8.34 

11.79 

.164 

0.232 

0.327 

0.618 

0.78 

1.04 

1.64 

2.82 




.01414 

.02236 

pii 

.04472 

ISSI 


.14142 

.22361 


ins. 

sq.ft. 

(1.06) 

(2.64) 

(5.28) 


(26.4) 

(62.8) 

(106) 

(264) 

11 

*7 

.267 

.58 

.91 

1.29 

1.82 

2.87 

4.07 

5.75 

9.09 

7 

.10 

.24 

0.84 

0.49 

0.77 

1.09 

1.64 

2.48 

12 

8 

.349 

.62 

.98 

1.38 

1.96 


4.38 

6.19 

9.78 

.22 

.34 

0.48 


1.08 

1.68 

2.16 

8.42 

13 

9 

.442 

.66 

1.05 

1.48 


3.30 

4.67 

6.61 

10.45 

.29 

K!&il 

0.66 


1.46 

2.07 

2.92 

4.62 

14 

10 

.545 

.70 

1.11 

1.56 

2.21 

3.50 

4.95 

6.99 

11.06 

.38 



1.21 

1.91 

2.70 

8.81 

6.08 

15 

12 

.785 

.77 

1.22 

1.73 

2.44 

3.86 

5.47 

7.73 

12.22 

.61 

0.96 

1.36 

1.92 

3.04 

4.29 

6.07 

9.60 

16 

14 


.84 

1.33 

1.88 

2.65 

4.20 

5.93 

8.39 

13.27 

.90 

1.42 

2.01 

2.84 

4.49 

6.84 

8.97 

14.19 

17 

16 

1.396 

.90 

1.42 

2.01 

2.85 


6.37 

miKtim 

14.24 

1.26 

1.99 

2.81 

8.97 

6.29 

8.89 

12.67 

19.88 

18 

18 

1.767 

.96 

1.52 

2.14 

3.03 

4.79 

6.78 

9.58 

15.15 

1.69 

2.68 

8.79 

6.86 

8.47 

11.97 

16.93 

26.77 

19 

20 

2.182 

mmm 

1.60 

2.27 

3.21 


7.17 

10.14 

16.04 

2.21 

8.60 

4.96 

7.00 

11.07 

16.66 

22.13 

84.99 


22 

2.640 


1.68 

2.38 

3.37 

5.33 

7.53 

10.65 

16.84 


2.81 

4.46 

6.29 

8.89 

14.06 

19.88 

28.12 

44.46 
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TABLE I.— CIRCULAR PIPES RUNNING FULL (Con.) 

D’Arcy’s Formula 

For New Clean Cast-iron Pipes 

Light type, the mean velocity in feet per second. 

Heavy type, the discharge in cubic feet per second. 
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CIRCULAR PIPES 


Pakt II 


TABLE II.-CIRCULAR PIPES RUNNING FULL 


D*Arcy*s Formula 

Fob Old Cast-iron Pipes Lined with Deposit 

Light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 




Square Root of Sine of Ancle of Inrlination. 
Figures in Parenthesis, Fall in Feet per Mile. 


C) .03162 .04472 .07071 .10000 .14142 .22361 .31623 .44721 

% ins. sq.ft. f5.28) (10.6) (26.4) (52.8) (106) (264) (528) (1056) 



713 

1.009 

097 

0.188 

793 

1.121 

166 

0.880 



552 


781 


003 




654 


926 


006 


008 


741 

1 

048 


009 

0 

013 


824 

1 

165 


014 

0 

080 


902 

1 

275 


080 

0 

088 

1 

.044 

1. 

476 

0 

086 

0 

060 

1 

,171 

1. 

,656 

0 

068 

0 . 

081 

1 

397 

1 . 

975 

0 

188 

0 . 

178 

1 

595 

2. 

256 

0 

817 

0 . 

308 

1 

773 

2. 

507 

0 

848 

0 . 

498 


.02236 

(2.64) 

m 




.14142 

(106) 

.22.36 

(264] 

.61 

.87 

1.22 

1.93 

2.73 

3.87 

6.11 

.16 

.83 

0.88 

0.68 

0.78 

1.08 

1.68 

.66 

.93 

1.32 

2.08 

2.94 

4.16 

6.58 

.88 

.83 

0.46 

0.73 

1.08 

1.46 

8.80 

.70 

.99 

1.41 

2.22 

3.14 

4.44 

7.03 

.81 

.44 

0.68 

0.98 

1.89 

1.96 

8.10 

.74 

1.05 

1.49 

2.35 

3.33 

4.70 

7.44 

.41 

0.67 

0.81 

1.88 

1.81 

8.67 

4.06 

.82 

1.16 

1.64 

2.60 

3.68 

5.20 

8.22 

.66 

0.91 

1.89 

8.04 

8.89 

4.08 

6.46 

.89 

1.26 

1.79 

2.82 

3.99 

5.64 

8.92 

.96 

1.36 

1.91 

8.08 

4.87 

6.03 

9.64 

.96 

1.35 

1.92 

3.03 

4.28 

6.06 

9.58 

1.84 

1.89 

8.67 

4.83 

6.98 

8.46 

18.87 

1.02 

1.44 

2.04 

3.22 

4.50 

6.45 

10.19 

1.80 

8.66 

8.60 

6.69 

8.06 

11.89 

18.01 

1.08 

1.53 

2.16 

3.42 

4.83 

6.84 

10.81 

8.86 

8.84 

4.78 

7.46 

10.66 

14.98 

88.69 

1.13 

1.60 

2.27 

3.58 

5.07 

7.16 

11.33 

8.99 

4.88 

6.98 

9.46 

18.87 

18.91 

89.91 
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TABLE II.— CIRCULAR PIPES RUNNING FULL (Con.) 


D * Arcy*s Formula 

For Old Cast-iron Pipes Lined with Deposit 

Light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 







Square Hoot of Sine of Angle of InelinirtJon. 





Figures in Parenthesis, Fall in Feet per Mile. 



Diam 

Area 









d 

.01414 

.022361.03162 

.04472 

.07071 

. 10000 

.14142 

.22361 

Z 

ft. in. 

sq.ft. 

(1.06) 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(106) 

(264) 

21 


3.14 

.75 

1.18 

1.68 

2.37 

3.75 

5.30 

7.49 

11.84 

A 

2.35 

8.79 

6.26 

7.44 

11.77 

16.64 

23.68 

87.21 

22 

2 3 

3.08 

.80 

1.26 

1.78 

2.52 

3.99 

5.64 

7.97 

12.60 

8.17 

6.01 

7.09 

10.02 

16.84 

22.41 

81.69 

60.10 

23 


4.91 

.84 

1.33 

1.88 

2.66 

4.20 

5.95 

8.41 

13.30 

It u 

4.13 

6.63 

9.28 

18.06 

20.64 

29.19 

41.28 

66.27 

24 

2 9 

5.94 

.88 

1.40 

1.98 

2.80 

4.42 

6.25 

8.84 

13.97 

6.26 

8.80 

11.74 

16.60 

26.24 

87.11 

82.48 

88.99 

25 


7.07 

.92 

1.46 

2.07 

2.92 

4.62 

6.54 

9.24 

14.61 

o 

6.68 

10.88 

14.61 

20.66 

32.66 

46.19 

66.82 

108.29 

26 

O A 

8.73 

.98 

1.54 

2.18 

3.09 

4.88 

6.90 

9.76 

15.43 

O » 

8.62 

18.46 

19.04 

26.98 

42.67 

60.21 

85.18 

184.68 

27 

3 8 

10.56 

1.02 

1.62 

2.29 

3.24 

5.12 

7.24 10.24 

16.10 

10.81 

17.10 

24.18 

84.19 

64.06 

76.46 

108.11 

170.94 

28 

A 

12.57 

1.07 

1.69 

2.40 

3 . 39 

5.36 

7.57 

10.71 

16.93 

a 

13.46 

21.27 

80.10 

42.66 

67.29 

96.16 

184.68 

212.79 

29 

A A 

15.90 

1.14 

1.80 

2.54 

3.60 

5.69 

8.04 

11.37 

17.90 

4 O 

18.08 

28.60 

40.44 

67.21 

90.46 

127.92 

180.98 

888.08 

30 


10.64 

1.20 

1.90 

2.68 

3.79 

6.00 

8.49 

12.00 

18.97 

O 

2 S .56 

87.26 

62.68 

74.60 

117.77 

166.66 

286.66 

872.46 



1 

.01000 

.01414 

.02236 

1 

.03162'. 04472 

.07071 

.10000 

!. 14142 


feet 

sq.ft. 

f.S28)| 

(1.06) 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(106) 

U 

6 

28.3 

.93 

1.32 

2.1 

2.9 

4.2 

6.6 

9.3 

13.2 

26 . 32 , 

'] 


. 88.2 

117.7 

186.1 

268.1 

872.1 

32 


38.5 



■BE 

3.2 

4.5 

7.1 

10.1 

14.2 

7 

88 . 72 ! 

Flit ft 


122.6 

178.2 

278.8 

387.2 

647.6 

33 

8 


1.08; 



3.4 

4.8 

7.6 

10.8 

15.2 

64.091 

tiH J 

»niF 

171.1 

241.9 

882.6 

641.0 

766.0 

34 

9 

63.6 

1.14: 

1.62 

2.6 

3.6 

5.1 

8.1 

11.4 

16.2 

72.66 102.761 

162.6 

229.7 

324.9 

618.7 

726.6 

mSEM 



78.5 

mmiii 

1.70 

2.7 

3.8 

5.4 

8.5 

12.0 

■UMtl 

94.66 

183.76 

211.4 

299.0 

422.9 

668.6 

946.6 

1887.8 

36 

12 

113.1 

1.32 

1.87 

3.0 

4.2 

5.9 

9.3 

13.2 

18.7 

149.29 

211.16 

883.9 

472.1 

667.6 

1066.7 

1492.9 

2111.4 

37 

14 


1.43 

2.02 

3.2 

4.5 

6.4 

10.1 

14.3 



H'M 1 1 

imn 

694.7 

982.4 

1668.8 

2196.7 

8106.7 

38 

16 

201.1 

1.53 


■BB 

4.8 

6.8 

10.8 

15.3 

21.6 

806.82 



970.8 

[HU] 

2169.4 

8068.2 

4889.1 

39 

18 

254.5 


2.29 

3.6 

5.1 

7.2 

11.4 

16.2 

22.9 

411.99 

982.74 

921.2 

1802.9 

1842 . 4 : 2913.2 

4119.9 

6826.8 

40 

20 

314.2 

1.71 

2.41 

3.8 

5.4 

7.6 

12.1 

17.1 

24.1 

686.27 

758.88 

1199.1 

1695.8 

2898.8 

8791.9 

6862.7 

7584.1 
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TABLE III.— CIRCULAR PIPES RUNNING FULL 

Kutter’s Formula 

When n equals .010. 

Light type, the mean velocity in feet per second. 

Heavy type, the discharge in cubic feet per second. 
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TABLE III.— CIRCULAR PIPES RUNNING FULL {Cvn.) 

Kutter’s Formula 

When n equals .010. 

Light type, the mean velocity in feet per second. 

Heavy type, the discharge in cubic feet per second. 



Diam 

^ ft. in. 

Area 

sq.ft. 

23' 3 

2 

7.88 

24 3 

4 

8.73 

25 3 

6 

9.02 

20 3 

8 

10.50 

27 3 

10 

11.54 


Square Hoot of Sine of Angle of Inclination. 

Figures in Parenthesis, Fall in Feet per Mile. 

.01000j.011]S!.0129li. 01581 .02250 .03102 .04472 .07071 


1.42 1.04 

11.20 12.93 
1.47 1.70 

12.86 14.86 
1.52 1.70 

14.66 16.93 
1.57 1.82 

16.62 19.20 


4 . 23 5 

33.34 47 
4.38 0, 

38.21 64 
4.52 0. 

43.48 61 . 

4 . 00 0 . 

49.19 69 
4.80 0. 

66.42 78 . 


99 9.47 

14 74.64 

19 9.79 

04 86.46 

39 10.10 

48 97.21 

10.42 

110.00 

10.74 

123.92 
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TABLE III.— CIRCULAR PIPES RUNNING FULL (Ctm.) 

Kutter*s Formula 

When n equals .010. 

Light type, the mean velocity in feet per second. 

Heavy type , the discharge in cubic feet per second. 



Square Root of Sine of Angle of Inclination. 
Diam Area Figures in Parenthesis, Fall in Feet per Mile. 


6 




.00707 

.00791 

.00898 

.01000 .01118 

.01291 

.01581 

.02236 


ft. 

m. 

sq.ft. 

(.264) 

(.33) 

(.426) 

(.528) (.66) 

(.88) 

(1.32) 

(2.64) 

45 

8 


50.27 

1.6.5 

1.86 

2.11 

2.38 2.67 

3.08 

3.80 

5.40 


82.86 

98.80 

106.97 

119.89 184.17 

164.88 

190.88 

271.61 

46 

8 

o 

53.46 

1.68 

1.90 

2.15 

2.42 2.72 

3.14 

, 3.87 

5.51 

o 

90.08 

101.86 

116.10 

129.69 146.67 

168.08 

207.06 

294.40 

47 

8 

6 

56.75 

1.72 

1.94 

2.20 

2.47 2.78 

3.21 

3.95 

5.61 

97.61 

109.87 

124.79 

140.84 167.60 

182.00 

224.11 

818.48 

48 

8 

9 

60.13 

1.76 

1.98 

2.24 

2.52 2.83 

3.27 

4.02 

5.71 

106 . 5 S 

118.76 

184.87 

161.68 170.17 

196.61 

841.84 

848.46 

49 

9 


63.62 

1.79 

2.01 

2.29 

2.57 2.88 

3.33 

4.10 

5.82 


118.88 

128.18 

146.60 

168.88 188.42 

211.79 

260.69 

870.21 

50 

9 

3 

67.20 

1.83 

2.05 

2.33 

2.62 2.94 

3.39 

4.17 

5.92 

122.64 

187.89 

166.68 

176.78 197.23 

227.74 

280.09 

897.82 

51 

9 

£» 

70.88 

1.86 

2.09 

2.37 

2.66 2.98 

3.45 

4.24 

6.02 

o 

181.77 

148.00 

168.18 

188.64 211.61 

244.26 

800.39 

426.49 

52 

9 

9 

74.66 

1.89 

2.13 

2.41 

2.71 3.03 

3.50 

4.31 

6.11 

141.26 

168.66 

180.28 

202.03 226.62 

261.61 

821.64 

466.40 

53 

10 


78.54 

1.93 

2.16 

2.46 

2.75 3.08 

3.56 

4.38 

6.21 


151.27 

169.80 

192.89 

216.14 242.22 

279.68 

348.86 

487.81 

54 

10 

6 

86.59 

1.99 

2.23 

2.54 

2.84 3.18 

3.67 

4.51 

6.40 

172.49 

198.44 

219.77 

246.00 276.63 

818.18 

390.87 

664.18 

55 

11 


95.03 

2.06 

2.31 

2.62 

2.93 3.28 

3.78 

4.65 

6.58 

— 

190.48 

219.04 

248.79 

278.16 311.41 

369.69 

441.60 

626.68 
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TABLE IV.— CIRCULAR PIPES RUNNING FULL 

Kutter’s Formula 

When n equals .012. 

Light typc» the mean velocity in feet per second. 

Heavy type, the discharge in cubic feet per second. 


6 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


V 




.01291 

.01581 

.02236 

.03162 

.04472 

.07071 

. 10000 

.14142 


ft. in. 

sq.ft. 

(.88) 

(1.32) 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(106) 

12 



1.396 

.690 

.87 

1.28 

1.85 


4.14 

5.85 

8.27 

1 

4 

.968 

1.22 

1.79 

2.08 

8.60 

0.77 

8.17 

11.66 

13 


6 

1.767 

.757 

.96 

1.40 

2.02 

2.86 

4.51 

6.38 

9.03 

1 

1.888 

1.69 

2.47 

8.07 

0.00 

7.97 

11.28 

10.90 

14 


8 

2.182 

.822 

1.04 

1.51 

2.18 

3.09 

4.88 

KKIil 

0.76 

1 

1.794 

2.26 

8.80 

4.76 

6.74 

10.60 

10.06 


15 


10 

2.640 

.884 

1.11 


2.34 

3.31 

5.23 

7.39 


1 

2.884 

2.94 

4.28 

6.17 

8.78 

18.80 

19.01 

27.09 

16 



3.142 

.945 

1.19 

1.73 

2.49 

3.52 

5.57 

7.87 

11.13 



2.969 

8.78 

0.48 

7.82 

11.06 

17.49 

24.78 

84.98 

17 

■ 

i 

3.687 


1.26 

1.83 


3.73 

5.89 

8.33 

11.78 


m 

a M^vl l 

4.64 

8.70 

9.71 

18.78 

21.71 

80.71 

48.48 

18 

Q 


4.276 

■ iflltlU 

1.33 

1.93 

2.78 

3.93 

6.21 

8.78 

12.42 

■ 

4.687 

0.69 

8.28 

11.87 

16.79 

26.60 

87.00 

08.10 

19’ 


m 


1.116 

1.40 



4.12 

6.51 

9.21 


bJ 


mij 

6.86 

9.90 


20.22 

81.97 

40.21 

68.98 

20 




1 1.173 

1.47 

2.13 

3.05 

4.32 

6.83 

9.65 

13.65 




11.88 

17.00 

24.11 

88.12 

08.91 

76.24 

21 

R 

E 



1.53 

2.22 

3.18 


7.12 


14.23 

Hi' Mil 

9.67 


llJLll 

28.87 

44.87 

68.40 

89.78 

22 

3 



1.277 

1.60 



4.68 

7.40 


14.80 


mm 


nitjl 

pyfi 

88.08 

02.80 

178.96 

104.00 


Square Root of Sine of Angle of' Inclination. 

TTi: A u ■c-ii 


Diam 

Area 

Figures in Parenthesis, Fall in Feet per Milo. 

.02236 

.03162 

.04472 

.07071 

.10000 

.14142 

.22361 

.31623 

ft. in. 

sq.ft. 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(106) 

(264) 

(528) 


.130 

.511 

.749 

1.060 

1.670 

2.370 

3.352 

5.30 

7.50 

o 

.070 

.102 

0.144 

0.228 

0.828 

0.407 

0.72 

1.02 

6 

.190 

.594 

.868 

1.228 

1.941 

2.745 

3.882 

6.14 

8.68 

.117 

.170 

0.241 

0.881 

0.089 

0.762 

1.21 

1.71 


.267 

.673 

.982 

1.389 

2.196 

3.105 

4.391 

6.94 

9.82 

7 

.180 

.262 

0.871 

0.087 

0.880 

1.174 

1.86 

2.68 

8 

.349 

.749 

1.091 

1 . 543 

2.440 

3.451 

4.880 

7.72 

10.91 

.261 

0.881 

0.089 

0.802 

1.200 

1.704 

2.69 

8.81 

9 

.442 

.821 

1.195 

1.690 

2.(>73 

3.780 

5.346 

8.45 

11.95 

.868 

0.028 

0.747 

1.181 

1.670 

2.862 

8.78 

0.28 

10 

.545 

.890 

1.295 

1.831 

2.896 

4.095 

5.791 

9.16 

12.95 

.480 

0.706 

0.999 

1.079 

2.288 

8.108 

4.99 

7.08 

11 

.660 

.962 

1.398 

1.978 

3.127 

4.422 

6.254 

9.89 

13.98 

.680 

0.928 

1.800 

2.064 

2.919 

4.128 

6.08 

9.28 


.785 

1.030 

1.496 

2.115 

3.345 

4.730 

6.689 

10.58 

14.96 

1 

0.809 

1.170 

1.661 

2.627 

8.710 

0.204 

8.81 

11.70 


.922 

1.092 

1.585 

2.241 

3.543 

5.011 

7.087 

11.20 

15.85 

1 1 

1.007 

1.461 

2.066 

8.266 

4.619 

6.088 

10.88 

14.61 

1 21.069 

j 

1.156 

1 . 076 

2:370 

3.747 

5.299 

7.494 

11.85 

16.76 

1.286 

1.792 

2.084 

4.006 

0.660 

8.011 

12.67 

17.91 

1 3,1.227 

1.218 

1.764 

2.495 

3.944 

5.578 

7.888 

12.47 

17.64 

1.490 

2.160 

8.062 

4.840 

6.840 

9.680 

10.81 

21.60 
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table IV.— circular pipes running full (Con.) 

Kutter’s Formula 


When n equals .012. 

Light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 


.07071 

(26.4) 


7.09 

60.64 

7.96 

69.47 

8.22 

79.09 
8.49 

89.69 

8.75 
101.00 

9.01 

113.80 

9.20 

126.29 

9.51 

140.18 

9.75 
166.06 

10.10 
178.96 

10.40 

05.30 


.03102 

(5.28) 


4.83 

104.68 

4.98 

118.36 

5.13 

133.19 

5.27 

149.06 

5.41 

166.04 

5.55 

184.28 

5.69 

803.66 

5.82 

884.10 

5.95 

846.79 

6.09 

868.87 
6.22 

893.88 




1 



Square 

Hoot of Sine of Angle 

of Inclination. 


Diam 

Area 


Figures 

in Parenthesis, Fall in Feet per Mile. 

6 



.01000 

.01118 

.01291 

.01581 

.02236 

.03102 

.04472 


ft. 

in. 

sq.ft. 

(.528) 

(.60) 

(.88) 

(1.32) 

(2.04) 

(5.28) 

(10.0) 

23 

3 


7.88 

1.01 

1.15 

1.33 

l.GO 

2.40 

3.44 

4.80 


7.97 

9.07 

10.47 

13.07 

18.89 

27.07 

38.29 

24 



8.73 

1.05 

1.20 

1.38 

1.72 

2.49 

3.50 

5.04 

o 


9.17 

10.43 

18.04 

16.03 

21.68 

31.07 

43.94 

25 

3, 

6 

9.62 

1.09 

1.24 

1.43 

1.78 

2.57 

3. OS 

5.20 

10.47 

11.90 

13.74 

17.14 

24.71 

36.37 

60.02 

26 

3 

8 

10.56 

1.13 

1.28 

1.48 

1.84 

2.65 

3.80 

5.37 

11.89 

13.61 

16.60 

19.43 

27.99 

40.07 

66.67 

27 

3 

10 

11.54 

1.16 

1.32 

1.53 

1.90 

2.74 

3.91 

5.54 

13.43 

16.86 

17.61 

21.94 

31.68 

46.17 

63.88 

28 



12.57 

1.20 

1.36 

1.57 

1.96 

2.82 

4.03 

5.70 

4 


16.09 

17.18 

19.78 

24.62 

36.40 

60.63 

71.69 

29 

A 

2 

13.04 

1.24 

1.40 

1.62 

2.02 

2.90 

4.14 

5.80 

4 

16.87 

19.13 

22.10 

27.49 

39.61 

S 6.48 

79.87 

30 

A 


14.75 

1.27 

1,44 

1.67 

2.07 

2.98 

4.25 

0.01 


4 

18.76 

81.88 

24.67 

30,63 

43.88 

62.69 

88.65 

31 



IS. 90 

1.31 

1.48 

1.71 

2.13 

3.05 

4.36 

0.17 

4 

u 

80.80 

83.67 

27.21 

33.81 

48.66 

69.34 

98.08 

32 


9 

17.72 

1.30 

1 . 54 

1.78 

2.20 

3.16 

4.52 

0.39 

4 

84.07 

87.86 

31.47 

39.06 

66.07 

80.03 

113.18 

33 



19.04 

1.41 

1.00 

1.84 

2.29 

3.28 

4.08 

0.61 

5 


87.69 

31.34 

36.19 

44.87 

64.34 

91.81 

129.86 





.00791 

.00898 

,010(X) 

.01118 

.01291 

.01581 

.02236 


ft. in. 

sq.ft. 

(.33) 

(.426) 

(.528) 

(.66) 

(.88) 

(1.32) 

(2.04) 

34 

i 

1 

21.05 

1.13 

1.28 

1.46 

1.05 


2.30 

3.39 


84.44 

87.76 

31.63 

36.76 


61.16 

73.32 

35 

5 

6 

23.76 

1.17 

1.33 

1.51 

1.71 


2.44 

3.50 

87.76 

31.63 

36.88 


46.80 

67.97 

83.03 

36 


9 

25.97 

1.21 

1.37 

1.50 

1.76 


2.52| 

3.60 

5 

31.34 


40.46 

46.70 

62.77 

66.31 

93.48 

37 

6 


28.27 

1.25 

1.41 

1.61 

1.81 

2.09 

2.59 

3.70 


86.80 

39.98 

46.38 

61.23 

69.16 

mEXE 

104.67 

38 

6 

3 

30.68 

1.28 

1.40 

1,65 

1.80 

2.15 

2.06 

3.80 

89.83 

44.67 

60.66 

67.16 

66.99 


116.62 

39 

6 

6 

33.18 

1.32 

1.50 


1.91 

2.21 


3.90 

43.80 

49.74 

66.86 

63.61 

73.37 


129.48 


6 

9 

35.79 

1.30 

1.54 

1.74 

1.90 

2.27 

2.80 

4.00 

48.68 

66.11 

62.88 

70.28 

81.16 


143.10 

41 



38.49 

1.39 

1.58 

1.79 

2.01 

2.33 

1 2.87 

4.10 

7 


68.67 

mil 

68.77 

77.61 

89.48 


167.60 

42 


3 

41.28 

1.43 

1.02 

1.83 

2.06 

2.38 

2.94 

4.19 

7 

68.91 

66.98 

76.69 

86.08 

98.26 

121.89 

178.86 

43 


6 

44.18 

1.46 

1.66 

1.87 

2.11 

2.44 

3.01 

4.28 

7 

64.69 

78.34 

88.79 

98.17 

107.68 

138.76 

189.13 



9 

47.17 

1.50 

1.70 

1.92 

2.16 

2.49 

3.07 

4.38 

44 

7 

70.68 

80.84 

90.48 


117.61 

1 144 . 961806. 88 
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TABLE IV.— CIRCULAR PIPES RUNNING FULL (Con.) 


Kutter’s Formula 

When « equals .012. 

Light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 



S<iuare Root of Sine of Anglo of Inclination. 



Diam 

Area 

Figures in Parenthesis 

Fail in Feet per Mile. 


6 



.00707 

.00791 

. 00808 01 000 

.01118 

.01291 

.01581 

.02236 


ft. 

in. 

sq.ft. 

(.^ 264 ) 

(. 03 ) 

(. 426 ) 

(. 528 ) 

(. 66 ) 

(. 88 ) 

( 1 . 32 ) 

( 2 . 64 ) 

4 r » 

8 


50.27 

1 . 3 (i 

1 . 53 

1.74 

1.96 

2.20 

2.54 

3.14 

4.47 


68.32 

76.96 

87.42 

98.63 

110.76 

127.89 

167.70 

224.46 

40 



53.46 

1 . 39 

1.57 

1.78 

2.00 

2.25 

2.60 

3.20 

4.56 


o 

74.26 

88.67 

96.00 

106.97 

120.23 

138.84 

171.13 

243.61 

47 


0 

56.75 

1.42 

1 . 60 

1.82 

2.04 

2 . 30 

2.65 

3.27 

4 65 

o 

80.59 

90.69 

103.00 

116.94 

130.24 

160.44 

186.29 

263.60 

48 

8 


60.13 

1.45 

1 , 63 

1.85 

2.08 

2.34 

2.70 

3.33 

4.73 


87.19 

98.07 

111.36 

126.26 

140.71 

162.47 

200.06 

284.64 

40 

Q 


63.62 

1.48 

1 . 6 (i 

1.80 

2.12 

2.39 

2.75 

3.39 

4.82 



94.16 

105.86 

120.24 

136.13 

161.73 

176.21 

216.61 

806.66 

50 

9 

3 

67.20 

1.51 

1.70 

1.93 

2.16 

2.43 

2.81 

3.45 

4.91 

101.41 

113.97 129.49 

146.42 

163.23 

188.60 

231.91 

829.62 

51 

9 

6 

70,88 

1 . 54 

1.73 

1.96 

2.20 

2.47 

2.85 

3.51 

4.09 

109.01 

122.48 

139.07 

166.16 

176.22 

202.29 

248.79 

368.48 

52 

Q 

o 

74.66 

1.57 

1.76 

2.00 

2.24 

2.52 

2.90 

3.57 

5.07 



116.99 

131.33 

1 . 7'.t 

149.17 

167.39 

187.77 

216.81 

266.46 

378.46 

53 

10 


78 .. M 

1.60 

2.03 

2.28 

2.56 

2.95 

3.63 

5.15 


126.36 

140.67 

169.76 

179.16 

200.91 

232.01 

286.02 

404.64 

54 

10 

0 

86.59 

1 . 65 

1.85 

2.11 

2.36 

2.64 

3.05 

3.75 

5.31 

143.05 

160.46 

182.27 

204.09 

228.77 

264.19 

324.28 

460.06 

55 

11 


95.03 

1.71 

1.91 

2.17 

2.43 

2.72 

3.15 

3.86 

5.47 


162.22 

181.79 

206.60 

231.02 

26^77 

298.87 

366.72 

619.81 





.00033 

.00707 

.00791 

.00898 

.01000 

.01118 

.01291 

.01581 


ft. in. 

sq.ft. 

(. 2n)j 

( . 264 ; 

(. 33 ) 

(. 426 ) 

( . . 528 ) 

(. 66 ) 

(. 88 ) 

( 1 . 32 ) 

56 

11 

6 

103.9 

1 - 58 1 . 76 

163.70 183.02 

1.98 

205.14 

2.2 

233.0 

i 2.5 

260.3 

2.8 

291.6 

3.2 

336.6 

4.0 

412.8 

57 

12 


113.1 

1.62 

1,82 

2.03 

2.3 

2.6 

2.9 

3.3 

4.1 


183.67;206.28 

229.82 

261.0 

291.6 

326.1 

376.6 

461.7 

58 

12 

6 

122.7 

1.67 

1.87 

2.09 

2.4 

2.6 

3.0 

3.4 

4.2 

206.19 

229.36 

266.61 

291.6 

324.8 

363.4 

419.6 

614.3 

59 

13 


132.7 

1.72 

1.92 

2,15 

2.4 

2.7 

3.0 

3.5 

4.3 


228.16 

264.97 

286.10 

823.9 

360.6 

403.1 

466.6 

670.6 

60 

14 


153.9 

1.81 

2.02 

2.26 

2.6 

2.9 

1 3.2 

3.7 

4.5 


278.32 

311.27 

347.60 

394.9 

489.0 

490.6 

1 666.3 

693.0 

61 

15 


176.7 

1.90 

2.12 

2.37 

2.7 

3.0 

3.3 

3.8 

4.7 


834.88 

874.47 

417.94 

474.7 

627.2 

688.3 

679.3 

880.6 

62 

16 


201.1 

1.98 

2.22 

2.47 

2,8 

3.1 

3.5 

4.0 

4.9 


398.50 

446.56 

496.82 

664.4 

626.7 

697.7 

806.6 

984.8 

63 

17 


227.0 

2.07 

2.31 

2.57 

2.9 

3.2 

3.6 

4.2 

5.1 


468.94 

624.10 

684.26 

663.6 

734.8 

818.6 

946.1 

1168.7 

64 

18 


254.5 

2.15 

2.40 

2.67 

3.0 

3.4 

3.7 

4.3 

5.3 


646.60 

611.24 

680.46 

778.1 

864.0 

961.6 

1098.8 

1840.6 

65 

19 


283.5 

2.23 

2.49 

2.77 

3.1 

3.5 

3.9 

4.5 

5.5 


681.99 

706.66 

788.96 

892.8 

986.8 

1097.6 

1267.4 

1646.6 

66 

20 


314.2 

2.31 

2.58 

2.87 

1 3.3 

3.6 

4.0 

4.6 

5.6 


724.77 

810.22 

900.38 

1022.6 

1128.1 

1266.4 

1449.6 

1786 8 
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TABLE V.— CIRCULAR PIPES RUNNING FULL 

Kutter’s Formula 

When n equals .015. 

Light type, the mean velocity in feet per second. 

Heavy type, the discharge in cubic feet per second. 




Diam 

Area 

Figures in Parenthesis, Fall in 

Feet per Mile. 


6 

.03162 

.04472 

.07071 

.10000 

.14142 

. 22361 

.31623 

.44721 


ft. in. 

sq.ft. 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(lOG) 

(264) 

(528) 

(1056) 

1 



.549 

.776 

1.228 

1.736 

2.455 

3.88 

5.49 

7.76 

X 


.075 


0.167 


rarm 

0.63 

0.76 

1.06 

2 

6 

.196 

.639 

.904 

1.429 

2.021 

2.858 

4.52 

6.39 

9.04 

.126 

.178 

0.281 

0.397 

0.661 


1.26 

1.78 

3 


.267 

.726 


1.623 

2.295 

3.246 

5.13 

7.26 

10.26 

# 

.194 

0.274 

0.434 

tlTTFl 


1.37 

1.94 

2.74 


8 

.349 

.809 

1.144 


2.558 

3.618 

5.72 

8.09 

11.44 


.282 

EEm 


0.893 

1.263 

2.00 

2.82 

3.99 


9 

.442 

.889 

1.257 

1.987 

2.810 

3.974 

6.28 

8.89 

12.57 

0 

.393 

0.666 

0.878 

1.241 

1.766 

2.78 

3.93 

6.66 

6 

10 

.545 

.965 

1.365 

2.158 

3.052 

4.316 

6.82 

9.65 

13.65 

.626 

0.744 

1.177 

1.666 

2.864 

3.72 

6.26 

7.44 

*7 

11 


1.045 

1.477 

2.336 

3.303 

4.671 

7.39 

10.45 

14.77 


0.690 

0.976 

1.642 



4.88 

6.89 

9.76 

8 


.786 

1.119 

1.583 

2.503 

3.540 

Mlo t| 

7.92 

11.19 

15.83 

I 

0.879 

1.243 

1.966 


E^1 

6.22 

8.79 

12.43 

9 

1 1 

.922 

1.189 

1.682 

2.659 

3.760 

5.317 

8.41 


16.82 

A 1 


1.660 

a. 451 

3.466 

nriiYi 

7.76 

10.96 

16.60 

10 

1 2 



1.782 

2.818 

3.985 

5.636 

8.91 

12.60 

17.82 

1.847 

EKIO 

fVIO 

nrm 

6.026 

9.63 

13.47 

19.06 

11 

1 -x 

1.227 

1.330 

1.881 

2.973 

4.205 

5.947 

9.40 

13.30 

18.81 

1 o 

1.632 

BEd 

fyiTl 


7.298 

11.64 


23.08 




.01581 

.02236 


.04472 

.07071 

IHI 

.14142 

.22361 


ft. in. 

sq.ft. 

(1.32) 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(106) 

(264) 

12 

t A 

1 . 390 

.657 

.96 

1.40 

1.98 

3.12 

4.42 

6.25 

9.88 

1 4 

.917 

1.86 

1.96 

2.76 

4.86 

6.17 

8.72 

18.79 

13 

1 6 

1.767 

.722 

1.06 

1 . 53 

2.16 

3.42 

4.84 

6.84 

10.82 

1.276 

1.87 

2.70 

8.82 

6.06 

8.66 

12.09 

19.12 

14 

1 8 

2.182 

.784 

1.15 

1.66 

2.35 

3.71 

5.25 

7.42 

11.73 

1.711 

2.60 

8.62 

6.12 

8.09 

11.46 

16.19 

26.69 

15 



.844 

1.23 

1.78 

2.52 

3.98 

5.63 

7.96 

12.59 

1 10 

2. 640 

2.228 

8.26 

4.70 



14.86 

21.02 

88.23 

16 


3.142 

.902 

1.32 

1.90 



6.01 

8.50 

13.43 

2 

2.834 

4.13 

6.97 


18.36 

18.88 

26.70 

42.21 

17 

2 2 

3.687 

.960 

1.40 

2.02 

2.85 

4.51 

6.37 

9.01 

14.25 

firm 

6.16 

7.43 

10.61 

16.61 

28.49 

88.22 

62.63 

18 

2 4 


1.016 

1.48 

2.13 

3.01 


6.73 


15.05 

4.344 

6.32 

9.10 

12.88 

20.86 

28.79 

40.71 

64.37 

19 

2 6 



1.56 

2.24 

3.16 


7.07 


15.82 

6.253 

7.63 

10.98 

16.68 

24.66 

84.73 

49.11 

77.66 

20 

2 8 

5.585 

1.126 

1.63 

2.35 

3.32 

5.25 

7.43 

10.51 

16.61 

6.289 

9.13 

18.12 

18.66 

29.38 

41.49 

68.67 

92.77 

21 

2 10 

6.305 

1.178 

1.71 

2.45 

3.47 

5.48 

7.76 

10.97 

17.34 

7.427 

10.77 

16.47 

21.87 

84.68 

48.90 

69.16 

109.35 

oo 

3 

WSiif 

1.229 

1.78 

2.55 

3.61 

5.71 

8.08 

11.42 

18.06 


8.687 

mwn 


rntn 

imu 



127.66 
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TABLE V.— CIRCULAR PIPES RUNNING FULL (Con.) 


Kutter’s Formula 

When n equals .015. 

Light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 




1 




Square Hoot of Sine of Angle 

of Inclination. 



Diani 

Area 


Figures in i^arenthesis 

, Fall ii 

1 Feet per Mile 


6 




.011 is ! 

.01291 

.01581 

.02230 

.03102 

.04472 

.07071 

. 10000 


fl . 

ill . 

sq.ft. 

(. 00 ) 

(.« H ) 

( 1 . 32 ) 

( 2 . 64 ) 

( 5 . 28 ) 

( 10 . 0 ) 

( 26 . 4 ) 

( 52 . 8 ) 

2.1 


•> 

7 . S8 

.80 

1.02 

1.28 

1.85 

2.60 

3.70 

5.94 

8.40 



6.99 

8.06 

10.08 

14.59 

20.92 

29.69 

46.79 

66.17 

24 

3 


8.73 

.92 

1.07 

1.33 

1.92 

2.70 

3.90 

6.16 

8.71 


8.05 

9.29 

11.61 

16.77 

24.05 

84.01 

53.77 

76.04 

25 

3 

0 

9.02 

. 9 (» 

1.10 

1.38 

1.99 

2.85 

4.03 

0.37 

9.01 

9.19 

10.61 

13.25 

19.13 

27.42 

38.77 

61.31 

86.70 

20 

3 

8 

10.50 

.99 

1.14 

1.42 

2.06 

2.94 

4.16 

6.58 

9.31 


10.44 

12.06 

15.04 

21.70 

31.09 

48.97 

69.52 

98.82 

27 

2 

10 

11.64 

1.02 

1.18 

1.47 

1 2.12 

3.04 

4.30 

6.80 

9.62 


11.81 

13.64 

17.00 

24.50 

35.10 

49.63 

78.47 

110.98 

2 H 

4 


12.57 

1.00 

1.22 

1.52 

2.19 

3.13 

4.43 

7.01 

9.91 


13.28 

16.33 

19.09 

27.51 

89.88 

56.69 

88.06 

124.58 

29 

4 

o 

13.04 

1,09 

1.20 

1.57 

2.25 

3.23 

4.56 

7.21 

10.20 



14.85 

17.15 

21.35 

30.78 

43.99 

62.20 

98.84 

189.08 

30 


4 

14.75 

1.12 

1.29 

1.01 

2.32 

3.31 

4.69 

7.41 

10.48 



16.53 

19.08 

23.74 

34.16 

48.86 

69.11 

109.27 

154.58 

31 

4 

0 

15.90 

1.15 

1.33 

1.06 

2.38 

3.40 

4.81 

7.61 

10.76 


18.34 

21.17 

26.32 

87.84 

54.12 

76.53 

121.00 

171.18 

32 

4 

9 

17,72 

1.20 

1.38 

1.72 

2.47 

3.53 

4.99 

7.89 

1 11.16 


21.23 

24.63 

30.46 

43.74 

62.54 

88.46 

189.84 

197.77 

33 

5 


19.04 

1.25 

1.44 

1.79 

1 2.56 

3.06 

5.18 

8.18 

11.57 





24.46 

28.24 

85.05 

[ 50^9 

71.84 

101.61 

160.65 

287.20 














ft. 



.00898 

.01000 

.01118 

.01291 

.01581 

.02236 

.03162 

.04472 


ill. 

sq.ft. 

(. 420 ) 

(. 528 ) 

(. 66 ) 

(. 88 ) 

( 1 . 32 ) 

( 2 . 64 ) 

( 5 . 28 ) 

( 10 . 6 ) 
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CIRCULAR PIPES 


Pabt II 


TABLE V.— CIRCULAR PIPES RUNNING FULL (Cora.) 


Kutter’s Formula 

When n equals .015. 

Light type, the mean velocity in feet per second. 



Heavy type, the discharge in cubic feet per second. 



1 

! 



Square Hoot of Sine of Angle 

of Inclination. 



Diam 

Area 


Figures in Parenthesis. Fail in Feet per Mile. 

6 




.00791 

. ()()S9S 

.01000 

.01118 .01291 

.01581 .02236 

.03162 


ft. 

in. 

sq.ft. 

(.33) 

(.420), 

(.528) 

(.66) (.88) 

(1.32) (2.64) 

(5.28) 

45 



50.27 

1.21 

1.37 

1 . 55 

1.74 2.01 

2.48 3.53 

5.02 

o 


60.78 

69.02 

77.82 

87.52 101.04 

124.62 177.60 

252.31 

4G 

8 

Q 

53.46 

1.24 

1 .40 

1 . 58 

1.78 2.05 

2.53 3.61 

5.12 

O 

66.08 

76.06 

84.67 

96.11 109.81 

135.36 192.72 

273.88 

47 



50.75 

1 . 2(i 

1.44 

1.62 

1.82 2.10 

2.59 3.68 

5.23 

o 

O 

71.73 

81 49 

91.71 

103.12 119.06 

146.70 208.84 

296.68 

48 

8 

9 

60.13 

1.29 

1.47 

1.65 

1.85 2.14 

2.64 3.751 

5.33 

77.63 

88 21 

99.22 

111.42 128.68 

158.50 226.61 

320.26 

49 

9 


63.62 

1.32 

1.50 

1.68 

1.89 2.18 

2.69 3.82 

5.43 


83.92 

95.30 

107.07 

120.24 138.82 

170.95 243.28 

345.27 

50 

9 

Q 

67.20 

1.35 

1.53 

1.72 

1.93 2.23 

2.74 3.89 

5.53 

O 

90.45 

102.68 

116.32 

129.43 149.52 

183.99 261.68 

871.28 

51 

9 

A 

70.88 

1.37 

1.56 

1.75 

1.96 2.27 

2.79 3.96 

5.62 

o 

97.18 

110.36 

123.90 

139.00 160.64 

197.54 280.76 

898.28 

52 

9 

9 

74.66 

1.40 

1 . 59 

1.78 

! 2.00 2.31 

2.84 4.03 

5.71 

104.30 

118.49 

132.90 

149.10 172.17 

211.74 300.73 

426.53 

53 

10 


78.54 

1.42 

1 .62 

1.81 

2.03 2.35 

2.89 4.10 

5.81 


111.76 

127:00 

142.31 

159.59 184.33 

226.69 321.70 

456.24 

54 

10 

t* 

86.59 

1.47 

1.68 

1.88 

•2.10 2.43 

2.98 4.23 

5.99 

o 

127.63 

145.04 

162.36 

181.93 210.07 

258.13 366.19 

519.02 

55 

11 


95.03 

1.52 

1.73 

1.94 

2.17 2.51 

3.08 4.36 

6.17 


144.83 

164.59 

183.98 

206.12 238.05 

292.22 414 24 

586.72 





.00707 

.00791 

.00898 

.01000 

.01118 

.01291 

.01581 

.02236 


ft. in. 

sq.ft. 

(.264) 

(.33) 

(.426) 

(.528) 

(.66) 

(.88) 

(1.32) 

(2.64) 

56 

11 6 

103.9 

1.41 

1.58 

1.79 

2.00 

2.2 

2.6 

3.2 

4.5 

145.94 

163.60 

186.82 

207.53 

232.4 

268.4 

329.3 

466.6 

67 

12 

113.1 

1.45 

1.62 

1.84 

2.06 

2.3 

2.7 

3.3 

4.6 

163.88 

183.56 

208.44 

232.53 

260.4 

800.6 

368.6 

521.8 

58 

12 6 

122.7 

1.49 

1.67 

1.90 

2.12 

2.4 

2.7 

3.3 

4.7 

183.22 

204.94 

232.80 

259.55 

290.5 

335.4 

411.0 

581.6 

59 

13 

132.7 

1.54 

1.72 

1.95 

2.17 

2.4 

2.8 

3.4 

4.9 

203.87 

227.90 

268.96 

288.29 

322.5 

372.4 

456.2 

645.1 

60 

14 

153.9 

1.62 

1.81 

2.06 

2.29 

2.6 

2.9 

3.6 

5.1 

249.38 

278.48 

816.35 

351.91 

393.0 

453.8 

555.6 

784.8 

61 

15 

176.7 

1.70 

1.90 

2.16 

2.39 

2.7 

3.1 

3.8 

5.3 

300.78 

335.42 

381.01 

423.07 

472.2 

645.4 

666.9 

941.0 

62 

16 

201 . 1 

1.78 

1.99 

2,26 

2.50 

2.8 

3.2 

3.9 

5.6 

868.49 

399.71 

463.99 

502.66 

561.2 

647.8 

791.6 

1115.9 

63 

17 

227.0 

1.86 

2.07 

2.35 

2.60 

2.9 

3.4 

4.1 

5.8 

422.18 

470.30 

634.81 

590.83 

658.7 

760.6 

928.6 

1308.3 

64 

18 

254.5 

1.94 

2.16 

2.45 

2.71 

3.0 

3.5 

4.2 

6.0 

492.91 

648.64 

628.20 

688.34 

766.7 

885.6 1080.0 

1521.0 

65 

19 

283.5 

2.01 

2.24 

2.54 

2.81 

3.1 

3.6 

4.4 

6.2 

570.76 

634.64 

720.73 

795.69 

885.5 

1022.4 1246.7 

1753.9 

66 

20 

314.2 

2.09 

2.32 

2.63 

2.90 

3.2 

3.7 

4.5 

6.4 

655.34 

727.91 

1826.56 

1911.8811014.1 

11170.911426. 6| 

2005.9 
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TABLE VI.— CIRCULAR PIPES RUNNING FULL 


Kutter*s Formula 

When n equals .020. 

Light type, the inoMn velocity in feet per secoiul. 
Heavy type, the diseharge in cubic feet per second. 



6 

Diam 

ft. in. 

Area 

sq.ft. 

1 

5 

.130 

2 

6 

.190 

2 

7 

.207 

4 

8 

. 349 

5 

9 

.442 

1 

6 

10 

. 545 

7 

11 

. 000 

8 

1 

.785 

9 

1 1 

.922 

10 

1 2 

1 .009 

11 

1 3 

1.227 


ft. in. 

sq.ft. 

12 

1 4 

1 . 390 

13 

1 0 

1 . 707 

14 

1 8 

2.182 

15 

1 10 

2.640 

10 

2 

3.142 

17 

2 2 

3.687 

18 

2 4 

4.276 

19 

2 6 

4.909 

20 

2 8 

5.585 

21 

2 10 

0.305 

22 

3 

7.068 


Square Hoot of Sine of Angle* of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


.03102 

.04472 

.07071 

. lOOOO 

.14112 

.22301 

.31023 

.44721 

(5.28) 

(10.0) 

(20.4) 

(52., S) 

(100) 

(204) 

(528) 

(1056) 

. 308 

. 520 

.822 

1 . 1(>3 

1 . VAn 

2.<i()l 

3 . 08 

5.20 

.060 

.071 

.112 

0.169 

0.224 

0.366 

0.60 

0.71 

.430 

. (>09 

.9(i2 

1 .3(il 

1 . 925 

3.043 

4 . 30 

0.09 

.084 

.120 

.189 

0.267 

0.378 

0.698 

0.86 

1.20 

.490 

. 093 

1 .09(> 

1 ..5.50 

2.192 

3 . 400 

4 . 90 

0.93 

.131 

.186 

0.293 

0.414 

0.686 

0.926 

1.31 

1.86 

.548 

.775 

1.225 

1.733 

2.451 

3.S75 

5.48 

7.75 

.191 

.271 

0.428 

0.605 

0.866 

1.363 

1.91 

2.71 

. 001 

.854 

1.351 

1.910 

2.701 

4.271 

0.04 

8.54 

.267 

.377 

0.697 

0.844 

1.193 

1.887 

2.67 

3.77 

. 058 

.931 

1.472 

2.082 

2.044 

4.055 

0.58 

9.31 

.369 

.608 

0.803 

1.136 

1.606 

2.539 

3.69 

6.08 

.715 

1.011 

1 . 599 

2.201 

3. 198 

5.050 

7.15 

10.11 

.472 

0.667 

1.066 

1.492 

2.111 

3.337 

4.72 

6.67 

. 70S 

1.087 

1 .718 

2.430 

3.437 

5.434 

7.08 

10.87 

.603 

0.864 

1.349 

1.909 

2.699 

4.268 

6.04 

8.64 

.818 

1.157 

1.830 

2.588 

3 . 000 

5.787 

8.18 

11.67 

.764 

1.067 

1.687 

2.386 

3.374 

6.834 

7.64 

10.87 

. 870 

1 . 230 

1.945 

2.750 

3.889 

0.149 

8.70 

12.30 

.930 

1.316 

2.079 

2.940 

4.167 

6.673 

9.80 

18.16 

. 920 

1 . 300 

2.050 

2.908 

4.113 

0.502 

9.20 

13.01 

1.129 

1.696 

2.623 

3.669 

6.047 

7.979 

11.29 

16.96 

.01581 

. 02230 

. 03102 

.04472 

.07071 

.10000 

.14142 

.22301 

(1.32) 

(2.04) 

(5.28) 

(10.6) 

(20.4) 

(52.8) 

(106) 

(264) 

.455 

.008 

.97 

1.37 

2.17 

3.00 

4.33 

0.85 

.636 

.933 

1.36 

1.91 

3.02 

4.28 

6.06 

9.56 

.502 

. 735 

1.07 

1.51 

2.38 

3.37 

4.76 

7.53 

.887 

1.299 

1.88 

2.66 

4.21 

6.95 

8.41 

13.80 

.547 

.801 

1.10 

1.04 

2.59 

3.07 

5.18 

8.20 

1.194 

1.748 

2.63 

8.68 

6.66 

8.00 

11.81 

17.89 

. 59 1 

.803 

1.25 

1.77 

2.79 

3.95 

5.59 

8.83 

1.660 

2.278 

3.30 

4.67 

7.37 

10.43 

14.74 

88.81 

.034 

.925 

1.34 

1.89 

2.99 

4.23 

5.98 

9.46 

1.992 

2.906 

4.20 

6.94 

9.40 

13.29 

18.79 

89.71 

.670 

.985 

1.42 

2.01 

3.18 

4.50 

0.36 

10.06 

2.492 

3.632 

6.24 

7.42 

11.73 

16.68 

83.46 

87.08 

.718 

1.044 

1.51 

2.13 

3.37 

4.77 

6.74 

10.66 

3.070 

4.464 

6.44 

9.11 

14.41 

20.88 

28.82 j 

46.67 

.757 

1.101 

1.59 

2.25 

3.55 

5.02 

7.10 

11.23 

3.716 

6.406 

7.79 

11.02 

17.43 

24.64 

84.85 

65.10 

.799 

1.160 

1.07 

2.30 

3.74 

5.28 

7.47 

11.82 

4.462 

6.479 

9.33 

18.20 

20.87 

29.61 

41.74 

66.99 

.838 

1.215 

1.75 

2.47 

3.91 

5.53 

7.82 

12.37 

6.284 

7.661 

11.03 

16.69 

24.66 

84.87 

49.81 

77.96 

.875 

1.269 

1.83 

2.58 

4.08 

5.77 

8.16 

12.90 

6.186 

8.969 

12.90 

18.24 

28.85 

40.79 

67.68 

91.21 
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Part II 



Diam Area 


23 3 2 7.88 


25 3 6 9.62 

26 3 8 10.56 

27 3 10 11 . 54 ! 


2 13.64 
4 14.75 
6 15.90 
9 17.72 


Square Root of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


34 5 3 21.65 


36 5 9 25.97 


38 6 3 30.68 


39 6 6 33.18 

40 6 9 35.79 


3 41.28 


.01118 

.01291 

.01581 

.02236 

.03162 

(.66) 

(.88) 

(1.32) 

(2.64) 

(5.28) 

.63 

.73 

.91 

1.32 

1 . 90 

4.99 

6.76 

7.20 

10.42 

14.98 

.66 

.76 

.95 

1.38 

1.98 

6.76 

6.64 

8.30 

12.01 

17.24 

. (i8 

.79 

.99 

1.43 

2.05 

6.68 

7.69 

9.49 

13.72 

19.69 

.71 

.82 

1.02 

1.48 

2.12 

7.49 

8.66 

10.79 

16.60 

22.36 

.74 

.85 

1.06 

1.53 

2. 19 

8.48 

9.80 

12.22 

17.66 

26.29 

.76 

.88 

1.09 

1.58 

2.26 

9.66 

11.03 

13.76 

19.84 

28.41 

.79 

.91 

1.13 

1.63 

2.33 

10.70 

12.36 

16.39 

22.18 

31.77 

.81 

.93 

1.16 

1.67 

2.40 

11.93 

13.78 

17.16 

24.69 

36.86 

.83 

. .96 

1.20 

1.72 

2.46 

13.26 

16.30 

19.04 

27.37 

89.19 

.87 

1.00 

1 .25 

1.79 

2.56 

16.36 

17.74 

22.06 

31.69 

46.37 

.90 

1.04 

1.30 

1.86 

2.66 

17.71 

20.46 

26.43 

36 . 6 q _ 

62.21 

.00898 

.01000 

.01118 

.01291 

.01581 

(.426) 

(.528) 

(.66) 

(.88) 

(1.32) 

.73 

.83 

.94 

1.08 

1.34 

16.72 

17.93 

20.28 

23.42 

29.07 

.75 

.86 

.97 

! 1.12 

1.39 

17.91 

20.38 

23.07 

26.63 

38.02 

.78 

.89 

1.00 

1.16 

1.44 

20.28 

23.06 

26.07 

30.10 

37.29 

.81 

.92 

1.04 

1.20 

1.48 

22.86 

26.96 

29.29 

33.84 

41.93 

.83 

.95 

1.07 

1.23 

1.53 

26.69 

29.02 

32.77 

37.86 

46.88 

.86 

.98 

1.10 

1.27 

1.57 

28.64 

32.36 

36.63 

42.18 

62.20 

.89 

1.00 

1.13 

1.31 

1.62 

31.71 

36.93 

40.61 

46.81 

67.90 

.91 

1.03 

1.16 

1.34 

1.66 

36.10 

39.72 

44.76 

61.69 

68.92 

.94 

1.06 

1.19 

1.38 

1.70 

38.64 

43.72 

49.26 

66.89 

70.26 

.96 

1.09 

1.22 

1.41 

1.74 

42.46 

48.02 

64.03 

62.43 

77.06 

.99 

1.11 

1.25 

1.45 

1.79 

46.66 

62.66 

69.18 

68.81 

84.80 


4.25 6.02 

33.60 47.38 
4.42 6.25 

38.66 64.64 
4.58 6.47 

44.04 62.28 
4.74 6.70 

60.02 70.74 
4.90 6.93 


5.06 

63.63 

5.21 

71.06 
5.36 

79.06 
5.51 

87.63 
5.73 

101.46 

5.95 

116.77 


7.15 

89.86 

7.37 

100.48 

7.58 

111.79 

7.79 

123.94 

8.10 

143.47 

8.41 

166.13 


1.93 2.76 3.90 

41.74 69.64 84.36 

2.00 2.85 4.03 

47.40 67.71 96.76 
2.06 2.94 4.16 

63.62 76.37 108.02 
2.13 3.03 4.29 

60.08 86.70 121.21 
2.19 3.12 4.41 


! 2.25 3. 

74.66 106 . 

2.31 3. 

82.70 117 . 

2.37 3. 

91.29 130 . 

2.43 3. 

100.32 142 . 

2.49 3. 

109.96 166 . 

2.55 3. 

120.24 171 . 


21 4.54 

46 160.62 
29 4.66 
88 166.69 
38 4.78 
00 183.88 
46 4.89 
88 202.08 
54 5.01 
67 221.38 
63 5.13 
10 242.00 
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TABLE VI.— CIRCULAR PIPES RUNNING FULL (Com.) 


Kutter*s Formula 

When n equals .020. 

Light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second 



Diam 


Area 


S<iuarc Root of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


d 

ft. in. 

45 

8 

46 

8 3 

47 i 

8 0 

48 

8 9 

4U 

9 

50 

9 3 

51 

9 0 

62 

9 9 

53 

10 

54 

10 6 

55 

11 




.00791 

.00898 

.01000 

.01118 

.01291 

.01581 

.02236 

.03162 

sq 

.ft. 

(.33) 

(.426) 

(.528) 

(.66) 

(.S8) 

(1. 

12) 

(2.64) 

(5.28) 




89 

1 

01 

1 

14 

1.28 

1.48 

1 

83 

2.61 

3.71 

50 


44 

74 

60 

82 

67 

36 

64.60 

74.60 

91 

89 

131.00 

186.86 




91 

1 

04 

1 

17 

1.31 

1 . 52 

1 

87 

2.66 

2.79 

bo 

40 

48 

70 

66 

33 

62 

44 

70.19 

81.06 

99 

92 

142.86 

202.46 




93 

1 

06 

1 

20 

1.34 

1 . 55 

1 

91 

2.72 

3.K7 

56 

7.) 

62 

96 

60 

16 

67 

82 

76.22 

87.96 

108 

39 

164.36 

219.46 




95 

1 

08 

1 

22 

1.37 

1 . 58 

1 

95 

2.78 

3.95 

60 

Jo 

67 

36 

66 

12 

73 

36 

82.44 

96.26 

117 

26 

166.86 

237.21 




98 

1 

11 

1 

25 

1.40 

1 . 62 

1 

99 

2.8» 

4.02 

6o 


62 

03 

70 

43 

79 

33 

89.07 

102.87 

126 

60 

180.11 

266.88 


oo 

1 

00 

1 

13 

1 

27 

1.43 

1 . 05 

2 

03 

2.89 

4.10 

(»7 . 

, 

66 

93 

76 

00 

86 

48 

96 . 96 , 

110.88 

136 

36 

193.94 

276.46 



1 

,02i 

1. 

, 15 

1 

.30 

1 . 46l 

1 . 68 

2 

.07 

2.94 

4.17 

/U. 

, OO 

72 

.01 

81 

80 

91 

.86 

103 . 20 ; 

119.16 

146 

.61 

208.32 

296.71 

*7 y| 


1 

.04 

1, 

.18 

1 

.32 

1.48 

1.71 

2 

.11 

2.99 

1 4.25 

74 , 

, 66 

77 

.36 

87 

.88 

98 

.63 

110.72 

127.82 

167 

.16 

828.46 

317.01 

7tt 


1 

.06 

1 

.20 

1 

.35 

1.511 

1 1.74 

2 

.14 

3.05 

4.32 

40. 

, 04 

83 

.02 

94 

.26 

106 

.72 

118.60 

136.97 

168 

.39 

889.81 

889.87 


KO 

1 

.10 

1 

25 1 

.40 

1.56 

j 1.81 

2 

.22 

3.15 

4.47 

OO. 

, OVJ 

94 

.99 

107 

89 

120 

.79 

136 . 43 i 

166.38 

192 

.14 

272.86 

386.68 

OK 


1. 

,14 

1. 

29 1 

.44 

1.62' 

1 1.87 

2 

.29 

3.25 

4.61 

Mo . 

, IW 

107 

96 

122 

69 

137 

.03 

163 . 66 ! 

1177.42 

217 

.90 

209.04 

437.71 






.00707 

.00791 

.00898 

.01000 

.01118 

.01291 

.01581 

.02236 


ft. 

in. 

sq.ft. 

(.264) 

(.33) 

(.426) 

(.528) 

(.66) 

(.88) 

(1.32) 

(2.64) 

56 

11 

6 

103.9 

1.05 

1.18 

1.34 

1.49 

1.67 

1.93 

2.4 

3.4 

108.96 

122 . 16 

138.77 

164.87 

173.67 

200.87 

246.0 

348.8 

57 

12 


113.1 

1.08! 1.21 

1 .38 

1.54 

1.72 

1.99 

2.4 

.3.5 


122 . 49 : 137.19 

166.86 

173.84 

194.66 

224.78 

276.6 

390.2 

58 12 


122.7 

1.12 

1.25 

1.42 

1.58 

1.77 

2.05 

2.5 

3.5 


137.08 163.62 

174.39 

194.39 217.46 

261.09 

807.7 

486.8 

59,13 


132.7 

1.15! 1.29 

1.46 

1.63 

1.82 

2.10 

2.6 

3.6 


Ua . 77 ' l 70.96 

194.18 

216.22 

241.70 

279.13 

341.9 

488.6 

60!i4 

1 

1 


153.9 

1.22 

1 .30 

1.55 

1.72 

1.92 

2.22 

2.7 

3.8 


187.60 209.61 

237.99 

264.32 

296.41 

840.98 

417.3 

689.8 

61 

15 


176.7 

1.28 

1.43 

1.63 

1.80 

2.01 

2.32 

2.8 

4.0 


226.66 262.89 

287.17 

318.63 

866.74 

410.70 

602.1 

708.8 

62 16 

1 


201.1 

1.35 

1.50 

1.70 

1.89 

2.11 

2.43 

3.0 

4.2 


270.63 801.79 

342.61 

879.60 

428.48 

488.98 

696.9 

841.6 

63: 17 


227.0 

1.41 

1.57 

1.78 

1.97 

2.19 

2.53 

3.1 

4.4 


319.69 

366.91 

404.26 

447.16 

497.99 

676.17 

702.8 

988.7 

64; 18 


254.5 





2.28 

2.64 

3.2 

4.5 


878.82 

416.06 

472.66 

621.92 

680.96 

670.78 

818.6 

1161.6 

65! 19 


283.5 

1.53 

1.70 

1.93 

2.13 

2.37 

2.74 

3.3 

4.7 


488.80 

48 a . S 9 

647.78 

604.20 

671.97 

776.02 

946.9 

1880.9 



314.2 

1.59 


WtEin 


2.45 

2.83 

3.5| 

4.9 

- 

Hi 


498.89 




770.96 

890.88 

msMi 

1624.0 
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CIRCULAR PIPES 


Pakt II 


TABLE VII.— SUPPLEMENTAL 


Giving diam. in ft. and ins., area in sq.ft., hydraulic radius 
ft and its square root, for 150 graduated circular conduits. 

* Found in the Kutter flowage tables, 
t Found in the D’Arcy flowage tables. 



No. 

Diameter. 

Area 

sq.ft. 

r 

feet. 

vr 

feet. 

feet. 

ins. 

feet. 

1 





.0208 

.0003 

.0052 

.072 

2 




% 

.0313 

.0008 

.0078 

.088 

3 




yi 

.0417 

.0014 

.0104 

.102 

4 




% 

.0521 

.0021 

.0130 

.114 

5 


a 


% 

.0625 

.0031 

.0156 

.125 

6 


.a 


1 

.0833 

.0055 

.0208 

.144 

7 




V4 

.1042 

.0085 

.0260 

.161 

8 


.2 


m 

. 1250 

.0123 

.0312 

.177 

9 




1 % 

. 1458 

.0167 

.0364 

.191 

10- 


4.1 


2 

.1667 

.0218 

.0417 

.204 

11 


O 


2*^ 

.2083 

.0341 

.0251 

.228 

12- 




3 

.2500 

.0491 

.0625 

.250 

13 


11 


3>jj 

.2917 

.0668 

.0729 

.270 

14t 



4 

.3333 

.0873 

.0833 

.289 

15 


M-l 


43^ 

.3750 

.1104 

.0938 

.306 

16*t 

CD 


5 

.4167 

.1363 

.1042 

.325 

17 


fH 


53^ 

.4583 

1650 

.1146 

.339 

18*t 

s 


6 

.5000 

1964 

.1250 

.354 

19 




03^ 

.5417 

2305 

.1364 

.368 

20*t 



7 • 

.5833 

.2673 

.1458 

.382 

21 




73^^ 

.6250 

.3068 

.1563 

.395 

22*t 

2 


8 

.6667 

.3491 

.1667 

.408 

23 


es 


m 

.7083 

.3940 

.1771 

.421 

24*t 



9 

.7500 

.4418 

.1875 

.433 

25 




9^ 

.7917 

.4923 

.1979 

.445 

26*t 



10 

.8333 

.6454 

.2083 

.456 

27 




1034 

.8750 

.(013 

.2188 

.468 

28* 



11 

.9167 

.6600 

.2292 

.479 

29 

■ 



iiH 

.9583 

.7213 

.2396 

.489 

30*t 



12 

1.0000 

. 7854 

.2500 

.500 

31* 

1 

1 

1.083 

.9218 

.271 

.520 

32*t 


2 

1.167 

1.069 

.292 

.540 

33* 


3 

1.250 

1.227 

.313 

.559 

34*t 


4 

1.333 

1.396 

.333 

.577 

35 



5 

1.417 

1.676 

.354 

.595 

36*t 


6 

1.500 

1.767 

.375 

.612 

37 



7 

1.583 

1.969 

.396 

.629 

38*t 


8 

1.667 

2.182 

.417 

.646 

39 



9 

1.750 

2.405 

.437 

.661 

40*t 


10 

1.833 

2.640 

.458 

.677 

41 



11 

1.917 

2.885 

.479 

.692 

42*t 

2 


2.000 

3.142 

.600 

.707 

43 



1 

2.083 

3.409 

.521 

.722 

44* 


2 

2.166 

3.687 

.542 

.736 

4St 


3 

2.250 

3.976 

.562 

.750 

46* 


4 

2.333 

4.276 

.583 

.764 

47 



5 

2.416 

4.587 

.604 

.777 

48*t 


6 

2.500 

4.909 

.625 

.790 

49 



7 

2.584 

5.241 

.646 

.804 

60* 


8 

2.667 

5.585 

.667 

.817 
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TABLE VII.— SUPPLEMENTAL (Con.) 


Giving diam. in ft. and ins., area in sq.ft., hydraulic radius 
r, and its square root, for 150 graduated circular conduits. 

* Found in the K utter fiowago tables, 
t Found in the D’Arcy flowage tables 



No. 

1 Diameter. 

1 Area 
sq.ft. 


\'r 

feet. 

feet. 

ins. 

feet. 

T 

feet. 

51t 


9 

2.750 

5.939 

.687 

.829 

52* 


10 

2.834 

0.305 

.708 

.842 

53 


11 

2.910 

0.081 

.729 

.854 

54 ♦t 

3 1 


3. (KM) 

r.008 

.750 

.866 

55 


1 

3.083 

7.400 

.771 

.878 

50* 


2 

3.167 

7.875 

.792 

.890 

57 


3 

3.250 

8.295 

.812 

.901 

58*t 


4 

3.333 

8.720 

.833 

.913 

59 


5 

3.417 

9.109 

. 854 

.924 

00* 


0 

3.5(K) 

9. (*>21 

.875 i 

.935 

01 


7 

3.583 

10.084 

.890 

.946 

02*t 


8 

3.007 

10.559 

.917 

.957 

03 


9 

3.750 

11.044 

.937 

.908 

64* 


10 

3.833 

11.541 

.958 

.979 

05 

1 

11 

3.917 

12.048 

.979 

.990 

66*t 

4 


4.000 

12.560 

1.000 

1.000 

67 


1 

4.083 

13.090 

1.021 

1.010 

08* 


2 

4.167 

13.035 

1.042 

1 1.021 

69 


3 

4.250 

14.180 

1.002 

1.031 

70* 


4 

4.333 

14.748 

1.083 

1.041 

71 


5 

4.417 

15.321 

1.104 

1.051 

72*t 


0 

4.500 

15.904 

1 . 125 

1.001 

73 


7 

4.583 

10.499 

1.140 

1.070 

74 


8 

4.667 

17.104 

1.107 

1.080 

75* 


9 

4.750 

17.721 

1.187 

1.089 

76 


10 

4.833 

18.348 

1.208 

1.099 

77 


11 

4.917 

18.980 

1.229 

1.109 

78*t 

5 


5.000 

19.635 

1.250 

1.118 

79 


1 

5.083 

20.292 

1.271 

1.127 

80 


2 

5.107 

20.969 

1 1.292 

1.137 

81* 


3 

5.250 

21.641 

1.313 

1.146 

82 


4 

5.333 

22.337 

1.333 

1.155 

83 


5 

5.417 

23.047 

1.354 

1.164 

84* 


6 

5.500 

23.758 

1.375 

1.173 

85 


7 

5.583 

24.481 

1.396 

1.181 

86 


8 

5.607 

25.222 

1.417 

1.190 

87* 


9 

5.750 

25.967 

1.438 

1.199 

88 


10 

5.833 

26.722 

1.458 

1.208 

89 


11 

5.917 

27.498 

1.479 

1.216 

90*t 

6 


6.000 

28.274 

1.500 

1.225 

91 


1 

6.083 

29.062 

1.521 

1.233 

92 


2 

6.167 

29.870 

1.542 

1 . 242 

93* 


3 

6.250 

30.680 

1.563 

1.250 

94 


4 

6.333 

31.500 

1.583 

1.258 

95 


5 

6.417 

32.341 

1.604 

1.267 

96* 


6 

6.500 

33.183 

1.625 

1.275 

97 


7 

6.583 

34.036 

1.646 

1.283 

98 


8 

6.667 

34.910 

1.667 

1.291 

99* 


9 

6.750 

35.785 

1.688 

1.299 

100 


10 

6.833 

36.670 

1.708 

1.307 
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CIRCULAR PIPES 


Past II 


TABLE VII.-SUPPLEMENTAL (Con.) 


Giving diam. in ft. and ina., area in sq.ft., hydrulic radius 
r, and its square root, for 150 graduated circular conduits. 

* Found in the Kuttcr ilowage tables, 
t Found in the D’Arcy ilowage tables. 



No. 

Diameter. 

Area 

sq.ft. 

r 

feet. 

V7 

feet. 

feet. 

ins. 

feet. 

101 

6 

11 

6.92 

37.58 

1.729 

1.315 

J02*t 

7 


7.00 

38.49 

1.750 

1.323 

103* 


3 

7.25 

41.28 

1.812 

1.346 

104* 


6 

7.M) 

44.18 

1.879 

1.369 

105* 


9 

7.75 

47.17 

1.937 

1.392 

106*t 

8 


8.00 

50.27 

2.000 

1.414 

107* 


3 

8.25 

53.46 

2.062 

1.436 

108* 


(i 

8.50 

56.75 

2.125 

1.458 

109* 


9 

8.75 

60.13 

2.187 

1.479 

110*t 

9 


9.(M) 

63.62 

2.250 

1.500 

111* 


3 

9.25 

67.20 

2.312 

1.521 

112* 


0 

9.50 

70.88 

2.375 

1.541 

113* 


9 

9.75 

74.66 

2.437 

1.561 

114*t 

10 


10.00 

78.54 

2.500 

1.581 

115 


3 

10.25 

82.52 

2.562 

1.601 

116* 


6 

10.50 

86.59 

2.625 

1.620 

117 


9 

10.75 

90.76 

2.687 

1.639 

118* 

11 


11.00 

95.03 

2.750 

1.658 

119 


3 

11.25 

99.40 

2.812 

1.677 

120* 


6 . 

11.50 

103.87 

2.875 

1.696 

121 


9 

11.75 

108.43 

2.937 

1.714 

122*t 

12 


12.00 

113.10 

3.000 

1.732 

123 


3 

12.25 

117.86 

3.063 

1.750 

124* 


6 

12.50 

122.72 

3.125 

1.768 

125 


9 

12.75 

127.68 

3.188 

1.785 

126* 

13 


13.00 

132.73 

3.250 

1.803 

127 


3 

13.25 

137.89 

3.313 

1.820 

128 


6 

13.50 

143.14 

3.375 

1.837 

129 


9 

13.75 

148.49 

3.438 

1.854 

130*t 

14 


14.00 

153.94 

3.500 

1.871 

131 


3 

14.25 

159.49 

3.563 

1.887 

132 


6 

! 14.50 

165.13 

3.625 

1.904 

133 


9 

14.75 

170.87 

3.688 

1.920 

134* 

15 


15.00 

176.72 

3.750 

1.936 

135 


6 

15.50 

188.69 

3.875 

1.968 

136*t 

16 


16.00 

201.06 

4.000 

2.000 

137 


6 

16.50 

213.83 

4.125 

2.031 

138* 

17 


17.00 

226.98 

4.250 

2.061 

139 


6 

17.50 

240.53 

4.375 

2.092 

140*t 

18 


18.00 

254.47 

4.500 

2.121 

141 


6 

18.50 

268.80 

4.625 

2.151 

142* 

19 


19.00 

283.53 

4.750 

2.180 

143 


6 

19.50 

298.65 

4.875 

2.208 

144*t 

20 


20.00 

314.16 

5.000 

2.236 

145 


6 

20.50 

330.06 

5.125 

2.264 

146 

21 


21.00 

346.36 

5.250 

2.291 

147 

22 


22.00 

380.13 

5.500 

2.345 

148 

23 


23.00 

415.48 

5.750 

2.398 

149 

24 


24.00 

452.39 

6.000 

2.449 

150 

25 


25.00 

490.88 

6.250 

2.500 


Part II 


CIRCULAR PIPES 


45 


TABLE VIII.— CIRCULAR PIPES RUNNING FIJI.L 


All pipes 6 ins. or more in diameter, Kutter’s formula. 
All pipes 3 ins. or less in diameter, D’Arcy’s formula. 
Coefficients between 3 and 0 ins. have been interpolated. 







Grade or Fall in Feet lurr Mile 1 


Quantity 

Diam. 


Mean 


when 



or 


Area 

Velocity 





No. 

Volume 




Feet’ 





of Flow. 

ft. 

ins. 

sq.ft. 

per Sec. 

n=.010 

7i«.012 

n=.015 

n ==.020 


.0250 


u 

.0085 

2.94 

244.0 

333.0 

532.0 

931 . 0 

1 

scc.-ft. 



.0123 

2.03 

89.6 

123 . 0 

198.0 

387.0 

2 

or 


1! 

.0107 

1.50 

39.6 

55.0 

87.5 

175.0 

3 

1.0 


2 

.0218 

1.15 

19.4 

25.0 

43.0 

86.2 

4 

inch 


21 

.0341 

0.73 

5.84 

8.05 

12.9 

28.1 

5 

.0375 


n 

.0123 

3.05 

202.0 

278.0 

447.0 

873.0 

6 

sec.-ft. 


11 

.0107 

2.25 

89.1 

124.0 

197.0 

393.0 

7 

or 


2 

.0218 

1.72 

43.5 

56.0 

96.1 

193.0 

8 

1.5 



.0341 

1.10 

13.3 

18.3 

29.3 

63.9 

9 

inches 


3 

.0491 

0.76 

5.03 

7.62 

11.1 

25.2 

10 

.0500 


H 

.01(57 

2.99 

157.0 

218.0 

348.0 

694 . 0 

11 

scc.-ft. 


2 

.0218 

2.29 

77.0 

99.3 

170.0 

342.0 

12 

or 


2i 

.0341 

1.47 

23.7 

32.6 

52.4 

114.0 

13 

2.0 


3 

.0491 

1.02 

9.05 

13.7 

20.0 

45.4 

14 

inches 


3i 

.0008 

0.75 

4.07 

6.48 

9.59 

20.6 

15 

,0750 


2 

.0218 

3.44 

174.0 

224.0 

384.0 

771.0 

16 

scc.-ft. 


2\ 

.0341 

2.20 

53.1 

73.1 

117.0 

256.0 

17 

or 


3 

.0491 

1.53 

20.4 

30.9 

45.1 

102.0 

18 

3.0 


3^ 

.0668 

1.12 

9.09 

14.5 

21.4 

46.0 

19 

inches 


4 

.0873 

0.80 

4.53 

7.65 

11.3 

23.1 

20 

.125 


2^ 

.0341 

3.67 

148.0 

203.0 

326.0 

711.0 

21 

sec.-ft. 


3 

.0491 

2.55 

56.6 

85.8 

125.0 

284.0 

22 

or 


3i 

.0668 

1.87 

25.3 

40.3 

59.6 

128.0 

23 

6.0 


4 

.0873 i 

1.43 

12.5 

21.1 

31.2 

63.9 

24 

inches 


5 

.1363 

0.92 

4.79 

7.97 

11.6 

22.8 

25 

. 175 1 


3 

.0491 

3.50 

110.6 

167.0 

244.0 ■ 

553.0' 

26 

sec.-ft. 


3| 

.0668 

2.62 

49.7 

79.1 

117.0 

252.0 

27 

or 


4 

.0873 

2.00 

24.5 

41.3 

61.1 

125.0 

28 

7.0 


5 

. 1303 

1.28 

9.27 

15.4 

22.5 

44.1 

29 

inches 


6 

. 1964 

0.89 

3.37 

5.55 

10.2 

18.6 

30 

"“.250~ 


3i 

.0668 

3.74" 

101.0 

161.0 

238.6 

513.6 

31 

sec.-ft. 


4 

.0873 

2 . 80 

50.1 

84.5 

125.0 

256.0 

32 

or 


5 

.1363 

1.83 

19.0 

31.5 

40.0 

90.2 

33 

10.0 


() 

. 1964 

1.27 

6.80 

11.3 

20.9 

37.8 

34 

inches 


7 

.2673 

0.94 

2.96 

4.84 

8.86 

19.4 

35 

.375 


4 

'0873 

4.30 

113.0 

191.0 

282.0 

578.0 

"36“" 

sec.-ft. 


5 

. 1363 

2.75 

42.6 

71.1 

104.0 

204.0 

37 

or 


6 

.1904 

1.91 

15.5 

25.6 

47.2 

85.6 

38 

15.0 


7 

. 2073 

1.40 

6.56 

10.7 

19.6 

43.1 

39 

inches 


8 

.3491 

1.07 

3.31 

5.08 

9.24 

20.1 

40 

.50 


5 

. 1303' 

3. '67 

76.2 

127.0 

185.0 

363.0 

4r 

sec.-ft. 


6 

. 1904 

2.55 

27.7 

45.6 

84.1 

153.0 

42 

or 


7 

.2673 

1.87 

11.7 

19.2 

35.1 

76.9 

43 

20 


8 

.3491 

1.43 

5.57 

9.07 

16.5 

36.0 

44 

inches 


10 

. 5454 

0.92 

1.74 

2.82 

4.80 

10.3 

45 

.75 


6" 

™'.i'904 

3^82 

62.1 

102.6 

189.6 

342.0 

46 

sec.-ft. 


7 

.2673 

2.81 

26.4 

43.2 

79.1 

173.0 

47 

or 


8 

.3491 

2.15 

12.6 

20.5 

37.3 

81.3 

48 

30 


10 

.5454 

1.38 

3.72 

6.00 

10.8 

23.2 

49 

inches 

V 


.7854 

0.96 

1.42 

2.29 

3.88 

8.24 

50 
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TABLE VIII.— CIRCULAR PIPES RUNNING FULL {Con.) 

All pipes 6 ins. or more in diameter, Kutter’s formula. 

All pipes 3 ins. or less in diameter, D’Arcy’s formula. 

Coefficients between 3 and 6 ins. have been interpolated. 




Grade or Fall in Feet ner Mile 


Quantity 

Diam. 

Mean 

when 



or 


Area Velocity 



■Mo 

Volume 


Foot ' 



IN O. 

of Flow. 

ft. ins. 

sq.ft, per Sec. 

n =.010 71 =.012 w =.015 

n = .020 


1.25 

7 

.267 4.68 

73.3 120.0 220.0 

481.0 

51 

sec.-ft. 

8 

.349 3.58 

34.9 56.8 103.0 

225.0 

52 

or 

. . 10 

.545 2.29 

10.3 16.5 29.7 

63.9 

53 

50 

1 

.785 1.59 

3.93 5.97 10.7 

22.6 

54 

inches 

1 4 

1.396 0.90 

0.94 1.40 2.30 

4.56 

55 

1.75 

8 

.349 5.01 

68.4 111.0 203.0 

441.0 

56 

sec.-ft. 

. . 10 

.545 3.21 

20.2 32.4 58.4 

126.0 

57 

or 

1 

.785 2.23 

7.35 11.7 21.0 

44.5 

58 

70 

1 3 

1.227 1.43 

2.30 3.64 6.11 

12.8 

59 

inches 

1 6 

1.767 0.99 

0.95 1.42 2.32 

4.56 

60 

2. so 

9 

.442 5.66 

73.1 118.0 214.0 

464.0 

61 

sec.-ft. 

1 

.785 3.18 

14.9 23.9 42.6 

90.4 

62 

or 

1 3 

1.227 2.04 

4.47 7.06 12.4 

26.0 

63 

100 

1 6 

1.767 1.41 

1.83 2.69 4.48 

9.26 

64 

inches 

1 8 

2.182 1.15 

1.04 1.63 2.66 

5.20 

65 

3.76 

.. 10 

.645 6.88 

92.6 149.0 268.0 

577.0 

66 

sec.-ft. 

1 2 

1.069 3.51 

14.6 23.2 41.0 

86.0 

67 

or 

1 6 

1.767 2.12 

3.71 5.82 10.1 

20.9 

68 

150 

1 10 

2.640 1.42 

1.38 2.03 3.51 

6.83 

69 

inches 

2 2 

3.687- 1.02 

0.59 0.91 1.49 

2.83 

70 

6.00 

1 

.785 6.37 

60.0 95.8 171.0 

363.0 

71 

soc.-ft. 

1 4 

1.396 3.58 

12.5 19.8 34.7 

72.2 

72 

or 

1 8 

2.182 2.29 

3.72 5.81 10.1 

20.6 

73 

200 

2 

3.142 1.59 

1.52 2.24 3.86 

7.46 

74 

inches 

2 6 

4.909 1.02 

0.48 0.74 1.20 

2.26 

76 

7.60 

1 4 

1.396 5.37 

28.2 44.5 78.0 

162.0 

76 

sec.-ft. 

1 8 

2.182 3.44 

8.40 13.1 22.7 

46.5 

77 

or 

2 

3.142 2.39 

3.26 4.87 8.36 

16.9 

78 

300 

2 6 

4.909 1.53 

1.03 1.58 2.56 

4.90 

79 

inches 

3 

7.068 1.06 

0.40 0.61 0.98 

1.94 

80 

12.5 

1 6 

1.767 7.07 

41.3 64.8 113.0 

233l0"“ 

81 

sec.-ft. 

2 

3.142 3.98 

8.72 13.5 23.2 

46.8 

82 

or 

2 6 

4.909 2.55 

2.72 4.05 6.86 

13.6 

83 

500 

3 

7.068 1.77 

1.06 1.62 2.61 

4.97 

84 

inches 

3 6 

9,621 1.30 

0.50 0.73 1.18 

2.19 

85 

17.5 

2 

3.142 5.57 

17.1 26.4 45.4 

91.6 

86 

sec.-ft. 

2 6 

4.909 3.56 

5.15 7.89 13.4 

26.6 

87i 

or 

3 

7.068 2.48 

2.00 3.05 4.98 

9.75 

88 

700 

3 6 

9.621 1.82 

0.94 1.38 2.21 

4.17 

89 

inches 

4 

12.566 1.39 

1 0.47 0.68 1.10 

2.05 

90\ 

25.0 

2 6 

4.909 5.09 

10.5 16.1 27.3 

54.3 

91 

sec.-ft. 

3 

7.068 3.54 

3.98 6.04 10.1 

19.9 

92 

or 

3 6 

9.621 2.60 

1.86 2.64 4.40 

8.52 

93 

1000 

4 

12.566 1.99 

0.93 1.36 2.18 

4.09 

94 

inches 

5 

19.635 1.27 

0.29 0.43 0.69 

1.27 

95 

37.6 

3 .. 

7.068 5.31 

8.95 13.6 22.8 

44.7 

96 

sec.-ft. 

3 6 

0.621 3.90 

3.93 5.94 9.89 

19.2 

97 

or 

4 

12.566 2.08 

1.96 2.95 4.77 

9.17 

98 

1500 

6 

10.635 1.91 

0.63 0.95 1.51 

2.79 

99 

inches 

6 

28.274 1.33 

0.25 0.38 0.59 

1.06 

100 
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TABLE VIII.— CIRCULAR PIPES RUNNING FULL (Con.) 


All pipes 6 ins. or more in diameter, Kutter's formula. 
All pipes 3 ins. or less in diameter, D’Arcy’s formula. 
Coefficients between 3 and 6 ins. have been interpolated. 







Grade or Fall in Feet oer Mile 


Quantity 

Diam. 


Mean 


when 



or 


Area 

Velocity 






Volume 




Feet ' 






of Flow. 

ft. 

ins. 

sq.ft. 

per Sec. 

n==.010 

n = .012 

w=.015 

n = .020 


50 

3 

6 

9.62 

5.20 

6.99 

10.6 

17.0 

34.1 

101 

sec.“ft. 

4 


12.57 

3.98 

3.50 

5.15 

8.52 

10.4 

102 

or 

5 


19.04 

2.55 

1.10 

1.04 

2.62 

4.85 

103 

2000 

0 


28.27 

1.77 

0.45 

0.63 

1.02 

1.88 

104 

inches 

7 


38.49 

1.30 

0.19 

0.29 

0.47 

0.82 

105 

75 

4 


12.57 

5.97 

7.71 

ii.o 

19.2 

36.8 

106 

sec. -ft. 

5 


19.64 

3.82 

2.41 

3.59 

5.75 

10.9 

107 

or 

6 


28.27 

2.05 

0.95 

1.38 

2.19 

4.03 

108 

3000 

7 


38.49 

1.95 

0.44 

0.02 

1 .00 

1.82 

109 

inche.s 

8 


50.27 

1.49 

0.22 

0.31 

0.49 

0.89 

no 

125 

5 


19.04 

0.37 

6.58 

9.80 

16.0 

30.3 

111 

see. -ft. 

0 


28.27 

4.42 

2.54 

3.76 

6.01 

11.2 

112 

or 

7 


38.49 

3.25 

1.14 

1.09 

2.07 

4.89 

113 

5000 

8 


50.27 

2.49 

0.58 

0.84 

1.33 

2.41 

114 

inches 

10 


78.54 

1 . 59 

0.18 

0.26 

0.41 

0.73 

115 

175 

0 


28.27 

0.19 

4.92 

7.28 

11.8 

22.0 

116 

sec. -ft. 

7 


38.49 

4.55 

2.21 

3.20 

5.18 

9.58 

117 

or 1 

8 


50.27 

3.48 

1.11 

1.62 

2.56 

4.05 

118 

7000 1 

10 


78.54 

2.23 

0.35 

0.50 

0.79 

1.43 

119 

inches 

12 


113.10 

1,55 

0.13 

0.19 

0.30 

0.54 

120 

250 

7 


“38.49 

' 0,50 

' 4.47 

6.58" 

10.6 " 

19 . 5" 

121 

sec.-ft. j 

8 


50.27 

4.97 

2.23 

3.27 

5.18 

9.49 

122 

or 1 

10 


78,54 1 

3. 18 

0.70 

1.01 

1.61 

2.88 

123 

10.000 

12 


113.10 

2,21 

0.27 

0.39 

0.61 

1.09 

124 

inches 

1 


153.94 

1.02 

0.12 

0.17 

0.20 

0.47 

125 

375 I 

8 


“50.27 

'7.46 

5.03 

7.37" 

11.7" 

21.4 

126 

sec.-ft. 1 

10 


78.54 

4.77 

1.57 

2.26 

3.58 

6.44 

127 

or 1 

12 


113.10 

3.32 

0.61 

0.88 

1.37 

2.44 

128 

15,000 

14 


153.94 

2.44 

0.27 

0.39 

0.60 

1.07 

129 

inches 

! 16 


201.00 

1.87 

0.13 

0.19 

0.29 

0.52 

130 

500~ 

, 10 


78.54 

6.37 

"2778 

4.03 " 

6.35 

111.5 

131 

sec.-ft. 

; 12 


113.10 

4.42 

1.07 

1.55 

2.42 

4.33 

132 

or 

; 14 


153.94 

3.25 

0.48 

0.69 

1.07 

1.90 

133 

20,000 

; 10 1 


201.06 

2.49 

0.23 

0.33 

0.52 

0.92 

134 

inches 

! 18 


264.47 

1.96 

0.12 

0.17 

0.27 

0.48 

135 

750 

1 12 1 


113.10 

6.63 

2.41 

3.47 

5.44 

9.73 

136 

sec.-ft. 

1 14 1 


153.94 

4,87 

1.08 

1.55 

2.41 

4.27 

137 

or 

16 


201.06 

3.73 

0.53 

0.76 

1.18 

2.10 

138 

30,000 

18 

. . 

254.47 

2.95 

0.28 

0.40 

0.63 

1.11 

139 

inches 

20 

.. ! 

314.16 

2.39 

0.16 

0.23 

0.35 

0.63 

140 
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RECTANGULAR CHANNELS Part III 


TABLE IX.— OPEN RECTANGULAR CHANNELS 


Kutter’s Formula 

When n equals .011. 

Light type, the mean velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per sec. 





43 




Square Root of Sine of Angle of Inclination 


1 

a 

V 

Area 

r 

v'r 

Figures in Parenthesis, Fall in Feet per Milo. 


Q 









- 

d 

ins. 

ins. 

sq.ft. 

feet 

feet 

.02236 

.03162 

.04472 

.07071 

. 10000 

.14142 


(2.64) 

(5.28) 

(10.6) 

(20.4) 

(52.8) 

(106) 

1 

4 

2 

.056 

.0833 

.289 

.467 

.708 

1.002 

1.584 

2.24 

3.17 



.026 

.039 

0.056 

0.088 

0.18 

0.18 

2 

G 

3 

. 125 

. 1250 

.354 

.671 

.983 

1.391 

2.199 

3.11 

4.40 




.084 

.128 

0.174 

0.275 

0.89 

0.65 

3 

8 

4 

.222 

. IGfiG 

.408 

.844 

1.229 

1.737 

2.747 

3.89 

5.49 


.188 

0.278 

0.886 

0.610 

0.86 

1.22 

4 

10 

5 

.347 

.2083 

.450 

1.005 

1.460 

2.065 

3.265 

4.62 

6.53 



0.349 

0.607 

0.717 

1.134 

1.60 

2.27 

5 

12 

6 

.500 

.2500 

.500 

1.152 

1.670 

2.361 

3.733 

5.28 

7.47 


0.678 

0.835 

1.181 

1.867 

2.64 

8.78 

6 

14 

7 

.681 

.2917 

.640 

1.296 

1.876 

2.653 

4.195 

5.93 

8.39 


0.882 

1,277 

1.806 

2.866 

4.04 

5.71 

7 

16 

8 

.889 

.3333 

.577 

1.432 

1.273 

2.068 

1.838 

2.925 

2.600 

4.624 

4.110 

6.54 

5.81 

9.25 

8.22 

8 

18 

9 

1.125 

.3750 

.612 

1.561 

1.756 

2.252 

2.534 

3.185 

8.583 

5.036 

5.666 

7.12 

8.01 

10.07 

11.88 

9 

20 

10 

1.389 

.4167 

.646 

1.687 

2.348 

2.431 

8.878 

3.438 

4.776 

5.436 

7.550 

7.69 

10.68 

10.87 

15.10 

10 

22 

11 

1.681 

.4583 

.077 

1.807 

8.037 

2.602 

4.873 

3.679 

6.188 

5.817 

9.776 

8.23 

18.88 

11.64 

19.58 


ins. 

ins. 

sq.ft. 

feet 

1 

feet 

.01000 

.01414 

.02236 

.03162 

.04472 

.07071 


(.528) 

(1.06) 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

11 

24 

12 

2.00 

.500 

.71 

.79 

1.59 

1.18 

2.86 

1.92 

8.84 

! 2.77 

5.58 

3.91 

7.82 

6.18 

12.87 

12 

28 

14 

2.72 

.583 

.76 

.89 

1.32 

2.15 

3.08 

4.36 

6.89 

2.43 

8.60 

6.84 

8.88 

11.86 

18.75 

13 

32 

16 

3.56 

.667 

.82 

.99 

1.45 

2.35 

3.38 

4.78 

7.55 

3 . 61 

5.17 

8.37 

12.01 

16.98 

26.85 

14 

36 

18 



.87 

1.08 

4.84 

1.58 

7.12 

2.56 

11.50 

3.66 

16.47 

5.18 

23.29 

8.19 

86.88 

15 


20 

5.56 

.833 

.91 

1.16 

1.70 

2.75 

3.93 

5.56 

8.79 

6.46 

9.45 

16.25 

21.83 

30.86 

48.88 

■ 

44 

22 

6.72 

.917 

.96 

1.25 

8.38 

1.82 

12.28 

2.93 

19.70 

4.19 

28.17 

5.93 

89.84 

9.37 

62.99 

17 

48 

24 

8.00 



1.33 

1.93 

3.11 

4.44 

6.28 

9.93 

10.61 

16.46 

24.86 

85.62 

66.28 

79.42 

18 

52 


9.39 



1.41 

2.04 

3.28 

4.68 

6.62 

10.47 

18.19 

19.17 

30.31 

43.96 

62.17 

98.80 

19 

56 

28 


1.167 


1.48 

16.18 

2.15 

28.89 

3.45 

87.63 

4.92 

68.53 

6.95 

75.70 

10.99 

119.70 

Rjj 


30 

12.50 


1.12 

1.56 

2.25 

3.61 

5.14 

7,27 

11.50 

19.44 

28.14 

45.10 

64.29 

90.91 

143.75 
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TABLE rX.— OPEN RECTANGULAR CHANNELS {Con.) 


Kutter’s Formula 

When n equals .011. 

Light type, the mean velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per see. 









Square Root of Sine of Anglo of I noli nation. 


5 

tH 




Figures in Parenthesis, Fall in Foi^t per Mile. 



Pi 

Area 

r 








IS 

Q 













.00791 

.00898 

.01000 

.01414 

.02230 

.03162 


feet 

feci 

sq.ft. 

feel. 

f<*et 

(.33) 

(.426) 

(.52«) 

(1.00) 

(2.04) 

(5.2S) 

21 

5.5 

2.75 

15.13 

1.375.1.17 

! .20 

19.44 

1.40 

22.08 

1.00 

25.12 

2.40 

36.27 

3.84 

58 08 

5.47 

88.72 

22 

G.U 

3.0 

18.00 

1 .500 1.23 

1.37 

24.66 

1..5() 

28.01 

1.77 

31.79 

2.55 

45.81 

4.07 

73.24 

5.79 

104.24 

23 

G.5 

3.25 

21.13 

1 . 0251 

1.28 

1.45 

30.65 

1.65 

34.81 

1.87 

39.42 

2.0s 

56.70 

4.29 

90.52 

6.10 

128.78 

24 

7.0 

3.5 

24.50 

1.750 

1.32 

1.53 

37.46 

1.74 

42.56 

1.90 

48.09 

2.82 

69.04 

4 . 50 

110.13 

6.39 

156.56 

25 

7.5 

3.75 

28.13 

1.875 

1.37 

1.01 

40.14 

1.82 

51.24 

2.00 

57.83 

2.95 

82.91 

4.70 

182.08 

6.67 

187.65 

26 

8.0 

4.0 

32.00 

2.000 

1.41 

1.68 

63.73 

1.91 

61.02 

2.15 

68.74 

3.08 

98.40 

4.89 

156.61 

0.95 

228.37 

27 

9.0 

4.5 

40.50 

2.250 

1.50 

1.82 

73.79 

2.07 

83.84 

2.33 

94.20 

3.32 

134.42 

5.28 

213.64 

7.48 

802.90 

28 

10.0 

5.0 

50.00 

2.500 

1.58 

1.96 

98.00 

2.23 

111.30 

2.50 

124.75 

3.55 

177.50 

5.64 

281.85 

7.99 

899.30 

29 

11.0 

5.1 

56.10 

2.640 

1.63 

2.04 2.32 

114 . 391129. 93 

2.59 

145.36 

3.68 

206.62 

5.84 

327.79 

8.27 

464.17 

30 

12.0 

5.2 

02.40 

2.786 

1.67 

2.111 

131 . 73 | 

2.40 

149.57 

2.08 

167.23 

3.80 

237.87 

6.03 

376.33 

8.54 

538.71 







.006.33 

.00707 

.00791 

.00898 

.01000 

.01414 


feet 

feet 

sq.ft. 

feet 

feet 

(.211)j 

(.264) 

(.33) 

(.426) 

(.528) 

(1.06) 

31 

13 

5.3 

G8.9 

2.919 

1.71 

1.74 

119.96 

1.95 

134.08 

2.2 

150.2 

2.5 

170.6 

2.8 

190.4 

3.9 

270.0 

32 

14 

5.4 

75.6 

3,048 

1,75! 

1.791 

135.56 

2,01 

151.58 

2.2 

169.6 

2.6 

192.7 

2.8 

214.9 

4.0 

804.4 

33 

16 

5.6 

89.6 

3.294 

1.82 

l,89l 

169.52 

2.12 

189.50 

2.4 

811.8 

2.7 

240.6 

3,0 

867.8 

4.2 

378.9 

34 

18 

6.8 

104.4 

3.527 

1.88 

1.98 

206.92 

2.22 

231.35 

2.5 

858.4 

2.8 

893.5 

3.1 

886.4 

4.4 

460.7 

35 

20 

6.0 

120.0 

3.750 

1.94 

2.07 

247.92 

2.31 

277.20 

2.6 

809.8 

2.9 

851.8 

3.3 

890.0 

4.6 

550.0 

36 

24 

6.4 

153.6 

4.174 

2.04 

1 

2.22 

341.30 

2.48 

381.54 

2.8 

426.0 

3.1 

482.8 

3.5 

534.8 

4.9 

758.8 

37 

28 

6.8 

190.4 

4.577 

|2.14 

2.36 

449.92 

2.64 

502.85 

2.9 

559.6 

3.3 

635.6 

3.7 

708.8 

5.2 

986.5 

38 

32 

7.2 

230.4 

4.966 

2.23 

2.50 

070.08 

2.79 

648.82 

3.1 

714.5 

3.5 

811.5 

3.9 

895.6 

5.4 

1855.8 

39 

36 

7.6 

273.6 

5.344 

2.31 

2.62 

716.56 

2.93 

801.10 

3.3 

889.5 

3.7 

1010.4 

4.1 

1118.0 

5.7 

1558.8 

40 

40 

8.0 

320.0 

5.714 

2.39 

2.74 

875.52 

3.06 

978.56 

3.4 

1085.8 

3.9 

1288.3 

4.2 

1856.8 

5.9 

1897.0 




RECTANGULAR CHANNELS Part III 


TABLE X.— OPEN RECTANGULAR CHANNELS 


Kutter’s Formula 

When n equals .013. 

Light typo, the moan velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per sec. 



(Square Root of Sine of Anglo of Inclination. 
. ! Figures in Parenthesis, Fall in Feet per Mihi. 


056 .0833 .289 
125 .1250 .354 
222 .1666 .408 
347 .2083 .456 
500 .2500 .500 

681 .2917 .540 
889 .3333 .577 
125 .3750 .612 
389 .4167 .646 
681 .4583 .677 


1.532 2.166 

1.048 1.474 
1.704 2.410 
1.616 2.142 
1.833 2.592 
2.062 2.916 
1.983 2.804 
2.764 3.894 
2.125 3.006 
3.671 6.062 



sq. ft. 

feet 

feet 

2.00 

,500 

.71 

2.72 

3.56 

4.50 

5.56 

.583 

.667 

.750 

.833 

.76 

.82 

,87 

.91 

6.72 

.917 

.96 

8.00 

1.000 


0.39 

1.083 

1.04 


1.167 

1.08 

12.50 


1.12 


.07071 

. 10000 

. 14142 

.22361 

(26.4) 

(52.8) 

(106) 

(264) 

1 . 262 

1.79 

2.52 

3.99 

0.070 

0.10 

0.14 

0.22 

1.751 

2.48 

3.50 

5.54 

0.219 

0.31 

0.44 

0.69 

2.201 

3.11 1 

4.40 

6.96 

0.489 

0.69 

0.98 

1.66 

1 2.627 

3.72 ! 

5.25 

8.31 

0.912 

1.29 

1.82 

2.88 

3.012 

4.26 1 

6.03 

9.53 

1.606 

2.18 

3.01 

4.76 

3.425 

4.84 1 

6.85 

10.83 

2.831 

3.80 

4.66 

7.87 

3.811 

5.39 

7.62 

12.05 

3.387 

4.79 

6.77 

10.71 

4.099 

5.80 

8.20 

12.96 

4.611 

6.62 

9.22 

14.68 

4.434 

6.27 

8.87 

14.02 

6.168 

8.71 

12.32 

19.48 

4.752 

6.72 

9.51 

15.03 

7.986 

11.30 

16.97 

26.26 

.03162 

.04472 

.07071 

.10000 

(5.28) 

(10.6) 

(26.4) 

(52. H) 

2.26 

A RQ 

3.20 

a AA 

5.06 

10 

7.16 


28 

30 
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TABLE X.— OPEN RECTANGULAR CHANNELS (Con.) 


Kutter’s Formula 

When n equals .013. 

Light typo, the mean velocity in ft. per see. 
Heavy type, the discharge in cu.ft. per sec. 




! Square Hoot of Sine of Angle of Inclination. 
.'Figures in Parenthesis, Fall in Feet per Mile. 


.00898 .01000 .01414 .02236 .03162 .04472 
feet feet sq.ft, feet feet (.426) (.528)i (1 .06) (2.64) (5.28) (10.6) 


21 5.5 2.75 15.13 1.375 1.17 

22 6.0 3.0 18.00 1.500 1.23 

23 6.5 3.25 21.13 1.025 1.28 

24 7.0 3.5 24.50 1.750 1.32 

25 7.5 3.75 28.13 1.875 1.37 


26 8.0 4.0 32.00 2.000 1.41 

27 9.0 4.5 40.50 2.250 1.50 

28 10.0 5.0 50.00 2.500 1.58 

29 11.0 5.1 56.10 2.646 1.03 

30 12.0 5.2 62.40 2.786 1.07 


1.21 1.38 2.00 3.20 4.56 6.45 

18.36 20.90 80.22 48.40 68.99 97.67 

1.30 1.47 2.12 3.40 4.84 6.84 

23.83 26.60 38.21 61.13 87.07 128.12 

1.38 1.56 2.24 3.58 5.10 7.21 

29.06 82.91 47.38 76.69 107.72 162.88 

1.45 1.64 2.36 3.76 5.35 7.57 

36.66 40.28 67.77 92.17 131.12 186.44 

1.53 1.72 2.47 3.94 5.00 7.91 

42.89 48.43 69.44 110.67 167.36 222.68 


1.60 1.80 2.58 4.11 5.83 8.25 

61.10 67.661 82.63 131.39 186.66 264.00 
1.74 1.961 2.79 4.44 6.29 8.90 

70.48 79.18 113.00 179.66 264.87 360.41 
1.87 2.10i 2.99 4.75 6.73 9.52 

93 . 70 105 . 06 , 149 . 66 237 . 40 836 . 40 476 . 76 
1.95 2.181 3.11 4.93 6.98 9.87 

109.46 122.62 174.19 276.29 391.41 663.48 
2.02 2.261 3.21 5.09 7.20 10.19 

126.24 141.09 200.24 317.49 449.63 686.67 


.00707 . 00791 .00898 . 01000 . 01414 . 02236 
feet feet sq.ft, feet feet (.264) (.33) (.426) (.528) (1.06) (2.64) 


68.9 2.919 1.71 

75.6 3.048 1.75 


89.6 3.294 1 ^2.00, 


113 . 801126.86 144.1 160.9 828.0 861.8 

1.69 1.90 2.2 2.4 3.4 5.4 

128.07 143.41 168.8 181.7 267.8 407.8 


808.7 826.71 880.6 606.9 


5.8 104.4 3.527 1.88 
6.0 120.0 3.750 1.94 


196.06 218.93 248.7 276.6 390.1 616.1 

1.96 2.19 2.5 2.8 3.9 6.1 

286.08 262.32 898.0 830.8 466.2 736.6 


6.4 153.6 4.174|2.04 
6.8 190.4 4.577,2.14 
7.2 230.4 4.966 2.23 
7.6 273.6 5.344 2.31 
8.0 320.0 5.714 2.39 


824.40 361.87 410.4 464.6 689 
I 2.25 2.50 2.8 3.1 4 

, 488.69 476.38 641.1 698.0 839 
I 2.38 2.64 3.0 3.3 4 

648.36 609.18 691.9 763.8 1068 
2.50 2,78 3.2 3.5 4 

684.27 769.61 868.7 949.9 1828 
I 2.62 2.90 3.3 3.6 5 

836.80 928.64 1064.7 1168.7 1618 


.2 6.6 

.0 1007.6 
.4 6.9 
.1 1321.9 
.6 7.3 
.8 1681.7 
.9 7.6 
. 12087.8 
.1 7.9 
.9 2648.4 
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TABLE XI.— OPEN RECTANGULAR CHANNELS 


Kutter’s Formula 

When n equals .015. 

Light type, the mean veloeity in ft- per see. 
Heavy type, the diseharge in cu.ft. per see. 








ISqnuro Root of Sine of AtirIg of Inclination. 


2 

a 

Area 

r 


Figures in Parenthesis, Fall in Feet per Mile. 



Q 









d 






.04472 

.07071 

.10000 

.14142 

.22301 

.31623 

'A 

ins. 

ins. 

sq.ft. 

foot. 

fot'i. 

(10.6) 

(20.4) 

(52.8) 

(100) 

(204) 

(528) 

1 

4 

2 

.05(i 

.0833 

.289 

. 044 

.036 

1.019 

0.057 

1.441 

0.080 

2.04 

0.11 

3.22 

0.18 

4.56 

0.26 

o 

6 


.125 

. 1250 

. 354 

.802 

1.410 

1 .994 

2.82 

4.40 

6.31 



.112 

0.176 

0.249 

0.36 

0.66 

0.79 

3 

S 

A 


. 1 (j0(> 

. 408 

1 . 148 

1.815 

2.507 

3.63 

5.74 

8.12 




0.255 

0.403 

0.570 

0.81 

1.28 

1.80 

4 

10 

5 

.317 

.2083 

. 15(i 

1.377 

0.478 

2.176 

0.766 

3.078 

1.069 

4.35 

1.51 

0.88 

2.39 

9.73 

3.38 

5 

12 

(i 

.500 

. 2500 

.500 

1 . 583 

0.792 

2.. 503 

i.asa 

3.540 

1.770 

5.01 

2.60 

7.92 

3.96 

11.19 

6.60 

6 

14 

7 

.081 

.2917 

.540 

1.791 

1.219 

2.831 

1.927 

4.004 

2.726 

5.06 

3.86 

8.95 

6.09 

12.66 

8.62 

7 

16 

8 

.889 

.3333 

.577 

1.984 

1.768 

3.137 

2.788 

4.437 

3.944 

6.28 

6.58 

9.92 

8.82 

14.03 

12.47 

8 

18 

9 

1.125 

. 3750 

.612 

2.109 

2.440 

3.430 

3.859 

4.851 

6.457 

6.80 

7.72 

10.85 

12.20 

15.34 

17.26 

9 

20 

10 

1 . 389 

.4107 

.040 

2.350 

3.264 

3.710 

6.161 

5.255 

7.299 

7.43 

10.32 

11.75 

16.82 

16.62 

23.08 

10 

22 

11 

1.081 

.4583 

.077 

2.522 

4.238 

3.987 

6.701 

5.039 

9.477 

7.98 

13.40 

12.01 

21.19 

17.83 

29.97 







.02230 

.03102 

.04472 

.07071 

. 10000 

.14142 


ins. 

ins. 

sq.ft. 

f(M*t 

fcc't 

(2.04) 

(5.28) 

(10.6) 

(20.4) 

(52.8) 

(106) 

IJ 

24 

12 

2.00 

. 500 

.71 

1.32 

2.64 

1.90 

3.80 

2.69 

6.88 

4.25 

8.60 

6.01 

12.02 

8.50 

17.00 

12 

28 

14 

2.72 

. 5S3 

. 7(» 

1.48 

4.03 

2.13 

6.80 

3.02 

8.21 

4.77 

12.98 

6.74 

18.36 

9.54 

25.96 

13 

32 

10 

3.50 

.007 

.82 

I . 0.3 

5.81 

2.35 

8.35 

3.32 

11.81 

5.25 

18.68 

7.43 

26.41 

10.51 

37.85 

14 

36 

18 

4 . 50 

. 750 

.87 

1.78 i 

8.02 

2.. 50 

11.61 

3.02 

16.28 

5.72 

26.74 

8.09 

36.40 

11.44 

61.47 

15 

40 

20 

5.50 

. S33 

.91 

1 .92 

10.68 

2.76 

16.32 

3.90 

21.66 

6.16 

34.24 

8.72 

48.48 

12.33 

68.49 

16 

44 

22 

0.72 

.017 

.90 

2.06 

13.84 

2.95 

19.82 

4.17 1 

28.04 

6.59 

44.83 

9.33 

62.69 

13.19 

88.66 

17 

j 

48 

24 

8.00 

1.000 

1.00 

2.19 

17.61 

3.13 

26.07 

4.43 

30.46 

7.01 

66.06 

9.91 

79.28 

14.02 

112.12 

18 

52 

26 

9.39 

1.083 

1.04 

2.32 

21.76 

3.32 

81.13 

4.69 

44.03 

7.41 

69.61 

10.49 

98.44 

14.83 

189.22 

19 

56 

28 

10.89 

1.167 

1.08 

2.44 1 

26.69 

3.49 

88.01 

4.94 

68.76 

7.81 

86.00 

11.04 

120.20 

15.61 

169.99 

20 

60 

30 

12.60 

1.250 

1.12 

2.56 

82.08 

3.66 

45.76 

5.18 

64.71 

8.19 

102.81 

11.58 

144.70 

16.37 

204.64 
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TABLE XI.— OPEN RECTANGULAR CHANNELS (Con.) 


Ku tier’s Formula 

Whc ‘11 n equals .015. 

Light typo, the mean velocity in ft. per sec. 
Heavy type, the disella^^^(^ in cu.ft. pt^r sec. 






% 



Square Root of Sim^ of AukIo 

of Inclination. 


.d 





FiKures in Parenthesis, Fall in 

Feet per Mile. 


'V 

Pt 

Area 

r 








'it 

Q 








6 






.OIO(M) 

.01414 

.02236 

.03162 

.04472 

.07071 


feet 

feet 

sq.ft. 

feet 

feet 

(..528) 

(1.06) 

(2.01) 

(5.28) 

(10.6) 

(26.4) 

21.1 

5.5 

2.75 

15.13 

1 . 37.5 

1.17 

1.18 

17.86 

1.71 

26.83 

2.74 

41.88 

3.90 

69.08 

5.52 

88.48 

8.73 

132.00 

22 

G.O 

3.0 

18.00 

1. 500 : 1.23 

1.26 

22.66 

1.82 

32.71 

2.911 4.14 

62.34 74.69 

5. SO 

106.60 

9.27 

166.81 

23 

G.5 

3.25 

21.13 

1.625*1.28 

1.33 

28.18 

1.92 

40.60 

3.()7| 4. 38 

64.88 98.48 

6.19 

180.70 

9.78 

206.67 

24 

7.0 

3.5 

24.50 

1 . 750 1 . 32 

1.41 

34.47 

2.02 

49.66 

3.23 4.60 

79.14 112.63 

6.50 10.28 

169.80 261.86 

25 

7.6 

3.75 

28.13 1.875 

1 

1.37 

1.48 

41.67 

2.12 

69.68 

3.38 4.81 

96.16 136.31 

o.so 

191.36 

10.76 

802.67 

20 

8.0 

4.0 

32.00 

1 

2.000 1.41 

I 

1.55 

49.64 

2.22 

70.98 

3.53^ 5.02 

113.06 160.67 

7.10 

827.23 

11.23 

369.80 

27 

9.0 

4.5 

40.50 

2,250 1.50 

I 

1.68 

68.16 

2.40 

97.36 

3.82 5.43 

164.76 219.79 

7.67 

810.80 

12.13 

491.48 

28 

10.0 

5.0 

50.00 

2.500 1.58 

1.81 

90.66 

2.58 

129.00 

4.10 5.81 

204.86 290.66 

8.22 

410.86 

12.90 

649.65 

29 

11.0 

5.1 

56.10 

2.646 1.63 

1.89 

106.86 

2.68 

160.46 

4.25 6.03 

838.68 SS8.83 

8.53i 13.48 

478.31 766.28 
8.811 13.93 

649.68 868.98 

30 

12.0 

5.2 

62.40 

2,786jl.67 

1.96 

121.99 

2.78 

178.16 

4.40' 6.23 

274 . 60 , 888.63 







.00791 

.00898 

.01000 

.01414 

.02236 

.03162 


feet 

feet 

sq.ft. 

feet 

feet 

(.33) 

(.420) 

(.528) 

(1.00) 

(2.64) 

(5.28) 

3i! 

13 

5.3 

68.9 

2.919 

1.71 

i.r>9 

109.69 

1.81 

124.64 

2.0 

139.2 

2.9 

197.3 

4.5 

818.6 

6.4 

442.8 

32 

14 

5.4 

75.6 

3.048 

1.75 

1.64 

124 . 14 : 

1.87 

140.99 

2.1 

167.2 

2.9 

828.8 

4.7 

862.7 

6.6 

498.8 

33' 

16 

5.G 

89.6 

3.294 

1.82 

1.731 

166 . 37 ! 

! 1.97 

176.42 

2.2 

196.6 


4.9 

439.4 

6.9 

681.8 

34 

18 

5.8 

104.4 

3.527 

1.88 

1.82; 2.07 

189.90 216.69 

2.3 

239.9 


6.1 

634.8 

7.2 

766.0 

35 

20 

6.0 

120.0 

3.750 

1.94 

1.90 

227.88 

2.16 

268.84 

2.4 

887.3 


5.3 

689.0 

7,5 

908.9 


24 

6.4 

153.6 

4.174 

2.04 

2.05 

314.42 

2.33 

867.12 

2.6 

896.4 

3.6 

666.6 

5.7 

876.7 

8.0 

1286.0 

37 

28 

6.8 

190.4 

4.577 

2.14 

2.18 

416.26 

2.48 

471.81 

2.7 

620.9 

3,8 

730.6 

6.0 

1160.4 

8.5 

1682.2 

38 

32 

7.2 


4.966 

2.23 

2.31 

631.76 


2.9 

666.6 

4.0 

988.2 

6.4 

1460.8 

9.0 

2066.8 

39 

36 

7.6 

273.6 

5.344 

2.31 

2.43 

668.48 


3.0 

829.8 

4.2 6.7 

1109 . 811821.4 

9.4 

2068.6 

40 

40 

8.0 


5.714 

2.39 

2.54 

818.16 

2.88 

922.24 

3.2 

1013.1 

4.4i 6.9 

1418 . 4j821S.9 

9.8 

3128,8 
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TABLE XIL— RUTTER'S FORMULA 

Fob Open Rbctanoular Channels and Timber ^ ^ 

Flumes l R p . 

Conduits carrying 5 ft. or less of water are twice ^ 

as wide as deep. | S' ? l 

In all conduits that carry more than 5 ft. of water 
the width is increased at an advancing ratio when _ .. 
compared with the depth. ^ 


or Vol. 
of the 
Flow. 

. 56 ~ 
sec.-ft. 
or 
20 

^in^ies 
.75 ' 
sec.-ft. 
or 
30 

inches 

1.25 

sec.-ft. 

or 

50 

inches 

1.75“ 

sec.-ft. 

or 
. 70 
inches 

2.50 
sec.-ft. 

' or 
100 
inches 
3.75 
sec.-ft. 
or 
150 
inches 
5.00 
sec.-ft. 
or 
200 
inches 

7.50 
sec.-ft. 

or 

300 

inches 

12.5 
sec.-ft. 

or 

500 

inches 

17.5 
sec.-ft. 

or 

700 

inches 


XI 

ins. 

g Depth 

4 

2 

6 

3 

8 

4 

10 

5 

12 

6 

6 

3 

8 

4 

10 

5 

12 

6 

16 

8 

8 

4 

10 

5 

12 

6 

16 

8 

20 

10 

10 

5 

12 

6 

16 

8 

20 

10 

24 

12 

12 

6 

14 

7 

18 

9 

24 

12 

28 

14 

14 

7 

18 

9 

22 

11 

28 

14 

36 

18 

"16 

8 

20 

10 

24 

12 

32 

16 

40 

20 

18 

9 

22 

11 

28 

14 

36 

18 

48 

24 : 

24 

12 

28 

14 

36 

18 

48 

24 ; 

60 

30 ; 

28 

14 

36 

18 

48 

24 ] 

60 

30 1 

72 

36 1 


Area 

sq.ft. 

~T056 

.125 

.222 

.347 

.500 

Mean 
Velocity 
Feet 
per Sec. 
8! 99 
4.(K) 
2.25 
1.44 
1.00 

.125 

.222 

.347 

.500 

.889 

6.00 

3.38 

2.16 

1.50 

0.84 

.222 

.347 

.500 

.889 

1.389 

5.63 

3.60 

2.50 

1.41 

0.90 

.347 

5.04 

.500 

3.50 

.889 

1.97 

1.389 

1.26 

2.000 

0.88 

.500 

5.00 

.681 

3.67 

1.125 

2.22 

2.000 

1.25 

2.722 

0.92 

.681 

5.51 

1.125 

3.33 

1.681 

2.23 

2.722 

1.38 

4.500 

0.83 

.889 

5.63 

1.389 

3.60 

2.000 

2.50 

3.556 

1.41 

5.556 

0.90 

1 . 125 

6.67 

1.681 

4.46 

2.722 

2.76 

4,500 

1.67 

8.000 

0.94 

2.000 

6.25 

2.722 

4.59 

4.500 

2.78 

8.000 

1.56 

12.500 

1.00 

2.722 

6.43 

4.500 

3.89 

8.000 

2.19 

12.500 

1.40 

18.000 

0.97 


Grade, or Fall in Feet 


851.0 

87.3 

17.7 

5.12 
_ 2.00 

197.0 

40.0 

11.6 

4.28 

0.9 5 

111.0 

32.1 

11.8 

2.58 
0.79 

62.9 

23.2 
4.80 

1.58 
0.03 

47.4 

20.2 

5.13 
1.18 
0 .56 

45 . 6 

11.5 
3.88 
1.15 
0.35 

39.1 

11.6 
4.31 
0.99 
0.35 

46.3 ' 
15.5 
4.24 
1.18 
0.29 

27.0 

11.7 

3.13 
0.73 
0.24 

23.0 
5.96 
1.36 
0.43 
0.17 


138.0 

27.6 
7.92 

_ 3 .^ 

3i6~o 

62.3 

17.8 

6.55 

_1.48 

173.0 

49.6 
18.2 

3.64 

1.21 

97.2 

35.6 
7.08 
2.22 
0.90 

72.7 

30.3 

7.75 
1.68 
0.77 

08.3 

17.4 
5.81 
1.63 

_(^6 

57.6 

17.4 

6.45 

1.47 
0.46 

09" 9 

23.3 
6.29 
1.74 
0.3 9 

40.3 

17.4 

4.47 
1.00 
0.32 

“34.1 

8.76 
1.91 
0.62 
0.24 



6 

n —.015 

Z 

205^' 

1 

212.0 

2 

40.6 

3 

11.6 

4 

4.22 

5 

478.0 

6 

91.6 

7 

26.0 

8 

9.50 

9 

2.00 

10 

254.0 

11 

72.2 

12 

26.3 

13 

5.33 

14 

1.64 

15 

142.0 

16 

51.6 

17 

10.4 

18 

3.11 

19 

1.27 

20 

105.6 

21 

44.4 

22 

11.1 

23 

2.38 

24 

1.08 

25 

100.0 

26 

24.9 

27 

8.26 

28 

2.29 

29 

0.60 

30 

85.0 

31 

24.8 

32 

9.13 

33 

1.96 

34 

0.60 

35 

99.8 

36 

33.0 

37 

8.85 

38 

2.32 

39 

0.51 

40 

57.1 

41 

24.5 

42 

6.24 

43 

1.39 

44 

0.41 

45 

48.0 

46 

12.2 

47 

2.64 

48 

0.81 

49 

0.33 

50 
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TABLE XII.— KUTTEll’S FORMULA (Con.) 

For Open Rectangular Channels and Timber 

Flumes *- 

Conduits carrying 5 ft. or less of water arc twice 
as wide as deep. 

In all conduits that carry more than 5 ft. of water 
the width is iiicreawscd at an advancing ratio when p 
compared with the depth. ^ 


Quantity 
or Vol. 

Width 

Xi • 

(U 


Area 

Mean ' 
Velocity, 

Grade, or Fall in Feet 
per Mile when 


of the 

Q 



Fc(*t j 

1 



d 

Flow. 

feet 

feet 

feet 

sq.ft. 

per Sec. 

n =.011! 

n =.013 

w=.015 


25.0 

3. 

1.5 

. 80(i 

4.50 

5.56 il2.2 

17.9 

25.0 

51 

sec. -ft. 

4. 

2. 

1.000 

8.00 

3.13 

2.68 

3.81 

5.27 

52 

or 

5. 

2.5 

1.118 

12.50 

2.00 

0.83 

1.21 

1.61 

53 

1000 

6. 

3. 

1.225 

18.00 

1.39 

0.34 

0.47 

0.64 

54 

inches 

7. 

3.5 

1 . 323 

24.50 

1.02 

0.15 

0.22 

0.29 

55 

37.5 

3.07 

1.83 

.958 

0.72 

5.58 

9.36 

13.7 

18.9 

56 

BCC.-ft. 

4.33 

2.10 

1.041 

9.39 

3.99 

3.83 

5.55 

7.65 

57 

or 

5.5 

2.75 

1.172 

15.13 

2.48 

1.13 

1.58 

2.17 

58 

1500 

7. 

3.5 

1 .323 

24.50 

1.53 

0.33 

0.46 

0.62 

59 

inches 

9. 

4 . 5 

1 . 500 

40.50 

0.03 

0.08 

0.12 

0.17 

60 

50 

4. 

2. 

i.ooo 

8.00 

6.25 

10.5 115.2 

21.0 

61 

sec. -ft. 

5. 

2.5 

1.118 

12.50 

4.00 

3.24 

4.60 

6.30 

62 

or 

6. 

3. 

1.225 

18.00 

2.78 

1.26 

1.76 

2.41 

63 

2000 

8. 

4. 

1.414 

32.00 

1.50 

0.29 

0.41 

0.54 

64 

inches 

10. 

5. 

1.581 

50.00 

1.00 

0.08 

0.12 

0.16 

65 

75 

5. 

2.5 

1.118 

12.50 

6.00 

7.19 

10.4 

14.2 

66 

sec.-ft. 

6. 

3. 

1.225 

18.00 

4.17 

2.77 

3.92 

5.35 

67 

or 

8. 

4. 

1.414 

32.00 

2.34 

0.63 

0.87 

1.18 

68 

3000 

10. 

5. 

1.581 

50.00 

1.50 

0.20 

0.27 

0.36 

69 

inches 

12. 

5.2 

1 . f>('>9 

62.40 

1.20 

0.11 

0.15 

0.20 

70 

125 

0. 

3. 

1.225 

18.00 

6.94 

7.58 

10.9 

14.8 

71 

sec.-ft. 

8. 

4. 

1.414 

32.00 

3.91 

1.68 

2.39 

3.23 

72 

or 

10. 

5. 

1.581 

50.00 

2.50 

0.53 

0.75 

0.99 

73 

5000 

12. 

5.2 

1.669 

62.40 

2.00 

0.30 

0.42 

0.55 

74 

inches 

14. 

5.4 i 

1.746 

75.60 

1.65 

0.18 

0.25 

0.33 

75 

“175 

7. 

3.5 

1.323 

24.50 

7.14 

6.59 

9.40 

12.7 

76 

sec.-ft. 

9. 

4.5 

1.500 

40.50 

4.32 

1.77 

2.50 

3.37 

77 

or 

12. 

5.2 

1 . 609 

62.40 

2.80 

0.58 

0.80 

1.08 

78 

7000 

14. 

5.4 

1.746 

75.60 

2.31 

0.35 

0.49 

0.65 

79 

inches 

10. 

5.0 

1.815 

89.60 

1.95 

0.23 

0.31 

0.42 

80 

250 

8. 

4. 

1.414 

32.00 

7.81 

6.67 

9.47 

12.8 “ 

81 

sec.-ft. 

10. 

5. 

1.581 

50.00 

5.00 

2.08 

2.93 

3.93 

82 

or 

12. 

5.2 

1.669 

62.40 

4.01 

1.17 

1.64 

2.19 

83 

10,000 

16. 

5.6 

1.815 

89.60 

2.79 

0.46 

0.64 

0.86 

84 

inches 

20. 1 

6. 

1.936 

120.00 

2.08 

0.22 

0.30 

0.40 

85 

375 ~ 

10. 

5. 

1.581 

50.00 

i 7.50 

4.66 

6.56 

8780 1 

86 

sec.-ft. 

12. 

5.2 

1.669 

62.40 

1 6.01 

2.62 

3.67 

4.92 

87 

or 

14. 

5.4 

1.746 

75.60 

4.96 

1.60 

2.24 

2.98 

88 

15,000 

18. 

5.8 

1.878 

104.40 

3.59 

0.70 

0.98 

1.29 

89 

inches 

24. 

6.4 

2.043 

153.60 

: 2.44 

0.25 

0.35 

0.48 

90 

606" ' 

14. 

5.4“ 

1.746 

75.60 

6.61 

2.84 

"3.97 

5.30 

91 

sec.-ft. 

16. 

5.6 

1.815 

89.60 

5.58 

1.84 

2.57 

3.42 

92 

or 

20. 

6. 

1.036 

120.00 

4.17 

0.88 

1.21 

1.62 

93 

20,000 

24. 

6.4 

2.043 

153.60 

3.26 

0.46 

0.64 

0.86 

94 

inches 

32. 

7.2 

2.229 

230.40 

2.17 

0.16 

0.22 

0.29 

95 

750 

18. 

5.8 

1.878 

104.40 

7.18 

2.80 

3.91 

5.19 

96 

sec.-ft. 

20. 

6. 

1.936 

120.00 

6.25 

1.97 

2.74 

3.64 

97 

or 

24. 

6.4 

2.043 

153.60 

4.88 

1 .05 

1.45 

1.93 

98 

30,000 1 

32. 1 

7.2 1 

2.229 

230.40 

3.26 

0.36 

0.51 

0.67 

99 

inches 

40.0 1 

8. 1 

2.390 

320.00 

2.34 

0.15 

0.21 

0.27 

inn 
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OPEN TRAPEZOIDAL CHANNELS Pabt IV 


TABLE XIII.— OPEN TRAPEZOIDAL CHANNELS 


Bazin’s First Form 

For Even Surfaces, Tlaned Planks, etc. 

Light type, the inotiii velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per sec. 


BmOc ttapu lip 1 




d 

g Width 

p Depth 

Area r 

sq.ft, feet feet 

1 

26 

13 

3.52 .673 .82 

2 

28 

14 

4.08 .725 .85 

3 

30 

15 

4.09 .777 .88 

4 

32 

16 

5.33 .828 .91 

5 

34 

17 

6.02 .880 .94 

6 

36 

18 

6,75 .932 .97 

7 

40 

20 

8.33 1.036 1.02 

8 

44 

22 

10.08 1.139 1.07 

0 

48 

24 

12.00 1 .243 1.12 

10 

52 

26 

14.08 1.346 1.16 


Square Root of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


.01118 

(.66) 

.01291 

(.88) 

.01581 

(1.32) 

.02236 

(2.64) 

.03162 

(5.28) 

1.27 

1.46 

1 .79 

2.53 

3.58 

4.46 

6.16 

6.31 

8.92 

12.62 

1.32 

1.53 

1.87 

2.64 

3.74 

6.39 

6.23 

7.63 

10.79 

16.26 

1.37 

1.59 

1.94 

2.75 

3.88 

6.44 

7.43 

9.10 

12.87 

18.20 

1.42 

1.64 

2.01 

2.85 

4.02 

7.69 

8.76 

10.73 

16.18 

21.46 

1.47 

1.70 

2.08 

2.94 

4.16 

8.86 

10.23 

12.63 

17.71 

26.06 

1.52 

1.75 

2.15 

3.04 

4.29 

10.26 

11.83 

14.49 

20.49 

28.99 

1.61 

1.86 

2.27 

3.22 

4.55 

13.40 

16.48 

18.96 

26.80 

37.90 

1.69 

1.96 

2.39 

3.39 

4.79 

17.07 

19.71 

24.14 

34.14 

48.29 

1.77 

2.05 

2.51 

3.55 

5.02 

21.29 

24.69 

30.11 

42.68 

60.22 

1.85 

2.14 

2.62 

3.70 

5.24 

26.08 

30.11 

36.88 

62.17 

73.77 
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TABLE XIII —OPEN TRAPEZOIDAL CHANNELS (Con,) 


Bazin’s First Form 

For Even Surfaces, Planed Planks, etc. 

Light type, the mean velocity in ft. per see. 
Heavy type, the discharge in cu.ft. per sec. 


JEranlt 




! 

Width 1 

Depth i 

i 

feet 

feet 

4.5 

2.25 

5.0 

2.5 

5.5 

2.6 

6.0 

2.7 

0.5 

2.8 

7.0 

2.9 

^ 7.5 

3.0 

i 8.0 

3.1 

) 9.0 

3.2 

) 10.0 

3.3 



.... . 


Square Root of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 

.01000!. 01118 .01291 .01581 .02236 .03162 


1.70 1.00 2. 

30.03 33.58 38. 

1.70 2.00 2 . 

39.20 43.84 60. 

1.84 2.06 2 . 

44.99 60.32 68. 
1.80 2.11 2 . 
61.26 67.31 66. 

1.04 2.16 2 . 

57.97 64.80 74. 


2.68 3 

47.47 67 
2.83 4 

61.99 87 
2.91 4 

71.16 100 
2.90 4 

81.06 114 
3.06 4 

91.66 129 


.79 5.36 

.14 94.96 

.01 5.67 

.66 123.97 

.12 5.82 

.62 142.31 
.23 5.97 

.66 162.11 
.33 6.12 

.64:183.33 


3.0 36.00 1.965 1.40 

' 

3.1 30.22 2.045 1.43 


feet 

feet 

sq.ft. 

feet 

feet 

11.0 

3.4 

54.7 

2.354 

1.53 

12.0 

3.5 

60.4 

2.452 

1.57 

13.0 

3.6 

66.2 

2.550 

1.60 

14.0 

3.7 

72.3 

2.646 

1.63 

16.0 

3.8 

82.5 

2.776 

1.67 

i 18.0 

3.9 

93.0 

2.901 

1.70 

' 20.0 

4.0 

104.0 

3.021 

1.74 

122.0 

4.1 

115.4 

3.138 

1.77 

124.0 

4.2 

127.3 

3.251 

1.80 

)26.0 

4.3 

139.5 

3.362 

1.83 







1.98 2.21 2.56! 3.13 4.43 

66.17 72.87 84.13 103.06 146.72 
2.02 2.26 2. 011 3.20 4.52 

72.83 81.48 94. 03! 116. 16 162.86 
2.07 2.31 2.671 3.27 4.62 

81.02 90.69 104.691128.08 181.13 
2.12 2.37 2.74 3.35 4.74 

93.66; 104 . 70 120 . 91 148 . 07 209 . 41 
2.171 2.43 2.81 3.44 4.86 

107.21 119.84 138.89 169.62 239.72 


.00898 .01 OOOl 


.01291 

.oi; 

»81 

(.88) 

(1. 

12) 

2.87 

3 

52 

167.10 

192 

.41 

2.93 

3 

.59 

176.96 

216 

.76 

i 2.99 

3 

.66 


2 . 32 i 2.59 2.99 3 . 66 | 

63.48;171.63 198.19 242.70 
2.36 2.64 3.05 3 . 74 ! 

70.861191.04 220.62 270.17 
2.42 2.71 3.13 3 . 83 ] 

99.72 223.22 257.77 315.741 


6.26 

206.08 
6.40 
280 S3 
6.53 
266.19 
6.71 
296.14 
6.87 
838.98 


4.97 

272.11 

5.08 

306.62 
5.18 

348.26 

5.28 

382.07 

5.42 

446.62 


2.27 2.53 2.83: 3.27 4.00 5.66 

286.29 268.18 294.111389.66 416.00 688.88 

2.32 2.58 2.88 3.33 4.08 5.77 

267.42 297.77 382.86 384.88 470.78 666.71 
2.36 2.63 2.94 3.39 4.15 5.87 

300.81 884.31 878.76 431.67 628.64 747.68 

2.40 2.67 2.99 3.45 4.23 5.98 
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OPEN TRAPEZOIDAL CHANNELS Part IV 


TABLE XIV.— OPEN TRAPEZOIDAL CHANNELS 


Bazin’s Second Form 

Fob Unplaned Plank, Cut Stone, Bbick, etc. 

Light type, the mean velocity in ft. per see. 
Heavy type, the discharge in cu.ft. per sec. 


BanA tloptB 1 to 1 




^ Square Root of Sine of Angle of Inclination. 

^ Figures in Parenthesis, Fall in Feet per Mile. 

& Area r Vr 

Q 

.01291 .01581 .02236 .03102 .04472 .07071 
ins. sq.ft, feet feet (.88) (1.32) (2.64) (5.28) (10.6) (26.4) 



13 


.073 

.82 

1.202 

1.472 

2.082 

2.944 4.163 

6.58 

O . OZ 

4.282 

6.183 

7.330 

10.865 14.657 

23.18 

14 

4.08 

.725 

.85 

1.259 

1.542 

2.180 

3.083 4.360 

6.89 

6.141 

6.296 

8.902 

12.589 17.803 

28.16 

15 

4.09 

.777 

.88 

1.313 

1 . 009 

2.275 

3.217 4.550 

7.19 

6.155 

7.542 

10.664 

15.080 21.828 

33.72 

16 

5.33 

.828 

.91 

1.366 

1.673 

2.366 

3.347 4.733 

7.48 

7.285 

8.923 

12.619 

17.861 25.243 

39.91 

17 

6.02 

.880 

.94 

1.417 

1.736 

2.455 

3.472 4.910 

7.76 

8.532 

10.458 

14.782 

20.905 29.563 

46.74 

18 

6.75 

.932 

.97 

1.467 

1.797 

2.541 

3.593 5.082 

8.04 

9.902 

12.130 

17.152 

24.263 84.304 

54.24 

20 

8.33 

1.030 

1.02 

1.5621 

! 1.913 

2.705 

3.826 5.410 

8.55 

18 . 017 ; 

15.942 

22.542 

31.883 45.083 

71.28 

22 

10,08 1.139 

1.07 

1.6521 

16.657 

2.023 

20.398 

2.861 

28.848 

1 4.046 5.722 

40.797 57.696 

9.05 

91.22 

24 

12.00 1.243 

1.12 

1.737 

20.844 

2.128 

26.536 

3.009 

86.108 

4.256 6.018 

51.072 72.216 

9.52 

114.19 

26 

14. 08, '1.346 

1,16 

1.819 

25.618 

2.228 

31.378 

3.151 

44.877 

4.456 6.302 

62.755 88.753 

9.97 

140.34 

1 1 
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TABLE XIV.— OPEN TRAPEZOIDAL CHANNELS (Con.) 


Bazin’s Second Form 

For Unplaned Flank, Cut Stone, Brick, etc. 

Light type, the mean velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per sec. 









Square Root of Sine of Angle 

of Inelination. 



Dept! 

Area 

r 

Vr 

Figures in Parenthesis, Fall in Feet per Mile. 

d 

% 



.01118 

.01291 

.01581 

.02236 

.03102 

.04472 


feet 

feet 

sq.ft. 

feet 

feet 

(. 66 ) 

(. 88 ) 

( 1 . 32 ) 

( 2 . 64 ) 

( 5 . 28 ) 

( 10 . 6 ) 

11 

4.5 

2.25 

17.72 

1.405 

1.19 

1.62 

28.62 

1.86 

33.03 

2.28 

40.46 

3.23 

67.22 

4.571 6.46 

80.92 114.48 

12 

5.0 

2.5 

21.88 

1.561 

1.25 

1.71 

37.49 

1.98 

43.29 

2.42 

63.03 

3.43 

74.99 

4.851 6.86 

loe.oo 149 . 9 S 

13 

5.5 

2.6 

24.44 

1.643 

1.28 

1.76 

43.11 

2.04 

49.78 

2.50 

60.98 

3.53 

86.22 

4.99 

121.98 

7.06 

178.46 

14 

6.0 

2.7 

27.14 

1.725 

1.31 

1.81 

49.20 

2.09 

66.79 

2.56 

69.67 

3.63 

98.86 

5.13 

189.12 

7.25 

196.76 

15 

6.5 

2.8 

29.96 

1.805 

1.34 

1.86 

68.70 

2.15 

64.32 

2.63 

78.77 

3.72 

111.39 

5 . 26 ! 7.44 

167.68 222.81 

I 

16 

7.0 

2.9 

32.92 

1.886 

1.37 

1.91 

62.70 

2.20 

72.41 

2.69 

88.67 

3.81 

126.41 

5 . 39 ' 7.62 

177.86 260.81 

17 

7.5 

3.0 

36.00 

1.965 

1.40 

1.95 

70.16 

2.25 

81.00 

2.76 

99.22 

3.90 

140.38 

5.51 7.80 

198.48 280.62 

18 

8.0 

3.1 

39.22 

2.045 

1.43 

1.99 

78.12 

2.30 

90.20 

2.82 

110.47 

3.98 

166.23 

5.64 

220.98 

7.97 

812.47 

10 

9.0 

3.2 

44.16 

2.150 

1.47 

2.05 

90.44 

2 . 36 ! 2.90 

104 . 89127.89 

4.10 

180.84 

5.79 

866.78 

8.19 

361.79 

20 

10.0 

3.3 

49.34 

2.253 

1.50 

2.10 

103.66 

2 . 43 | 2.97 

119.69 146.67 

1 

4.20 

807.31 

5.94 

293.16 

8.40 

414.66 







.01000 

.01118 

.01291 

.01581 

.02236 

.03162 


feet 

feet 

sq. ft. 

feet 

feet 

(. 528 ), 

(. 06 ) 

(. 88 ) 

( 1 . 32 ) 

( 2 . 64 ) 

( 5 . 28 ) 

21 

11.0 

3.4 

54.7 

2.354 

1.53 

1.93 

106.38 

2.15 

117.80 


3.04 

166.67 

4.30 

236.66 

6.1 

838.2 

22 


3.5 

60.4 

2.452 

1.57 

1.97 

118.82 

2.20 

132.88 

2.54 

168.86 

3.11 

187.88 

4.40 

266.66 

6.2 

876.7 

23 

13.0 

3.6 

66.2 



2.01 

133.14 

2.25 

148.84 

2.60 

171.89 

3.18 

210.61 

4.49 

297.68 

6.4 

421.0 

24 

14.0 

3.7 

72.3 

2.646 

1.63 


2.29 

166.79 

2.65 

191.47 

3.24 

234.61 

4.59 

331.66 

6.5 

469.0 

25 

16.0 

3.8 

82.5 

2.776 

1.67 

2.10 

173.60 


2.72 

288.96 

3.33 

274.84 

4.71 

887.97 

6.7 

648.7 

26 

18.0 

3.9 




HR 

2.41 

224.07 

2.78 

268.77 

3.41 

316.90 

4.82 

448.16 

6.8 

688.7 

27 

20.0 

4.0 


3.021 

1.74 

2.20 

229.01 

2.46 

266.06 

2.84 

896.67 

3.48 

862.02 


7.0 

724.2 

28 

22.0 

4.1 

115.4 

3.138 

1.77 

2.25 

269.34 

2.51 

289.92 

2.90 

884.88 

3.55 

410.07 


7.1 

820.1 

29 


4.2 

127.3 

3.251 

l.SO 

2.29 

291.43 

2.56 

826.79 

2.96 

876.18 

3.62 

460.81 

5.12 

661.67 

7.2 

921.5 

30 

1 

■ 

4.3 

139.5 

3.362 

1.83 

2.33 

826.26 


3.01 

420.00 

3.69 

614.88 

5.21 

727.40 

7.4 

1028.7 
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OPEN TRAPEZOIDAL CHANNELS Pabt IV 


TABLE XV.— OPEN TRAPEZOIDAL CHANNELS 


Bazin’s Third Form 

For Uneven Surfaces, Uubble Masonry, etc. 

Light type, the moan velocity in ft. per see. 
Heavy type, the diacharge in oii.ft. per sec. 


Dank alopeit 1 1 


45®. 


I 










Square Hoot of Sinr* of Angle? 

of I n(?1 illation. 


Xl 

•S 

DepU 

Area 


vT" 

Figures in Parenthesis, 

, Fall in 

Feet per Mile. 










d 





.01581 

.02236 

.03102 

.04472 

.07071 

. 10000 

Jz: 

ins. 

ins. 

sq. ft. 

feet 

foot 

(1.32) 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

1 

26 

13 

3.52 

.673 

.82 

1.018 

3.684 

1.440 

6.070 

2.0.37 

7.172 

2.880 

10.140 

4.55 

16.03 

6.44 

22.67 

2 

28 

14 

4.08 

.725 

.85 

1.078 

4.402 

1.525 

6.227 

2.156 

8.804 

3.049 

12.460 

4.82 

19.69 

6.82 

27.84 

3 

30 

15 

4.69 

.777 

.88 

1 . 130 

5.326 

1.607 

7.633 

2.272 

10.660 

3.214 

16.066 

5.08 

23.82 

7.19 

33.68 

4 

32 

16 

5.33 

.828 

.91 

1.193 

6.363 

1.087 

8.997 

2.386 

12.726 

3.374 

17.995 

5.33 

28.46 

7.54 

40.23 

5 

34 

17 

6.02 

.880 

.94 

1.248 

7.614 

1.765 

10.627 

2.496 

16.028 

3.530 

21.264 

5.58 

33.60 

7.89 

47.62 

6 

36 

18 

6.75 

.932 

.97 

1 . 302 

8.789 

1.841 

12.427 

2.603 

17.670 

3.682 

24.864 

5.82 

39.29 

8.23 

66.67 

7 

40 

20 

8.33 

1.036 

1.02 

1.405 

11.708 

1.987 

16.668 

2.811 

23.426 

•3.975 

33.125 

6.29 

62.38 

8.89 

74.07 

8 

44 

22 

10.08 

1 . 139 

1.07 

1.505 

16.176 

2.128 

21.467 

3.009 

30.340 

4.255 

42.904 

6. 73 

67.84 

9.52 

96.94 

9 

48 

24 

12.00 

1.243 

1.12 

1 . 600 

19.200 

2.262 

27.144 

3.199 

38.388 

4.524 

64.288 

7.15 

86.84 

10.12 

121.39 

10 

52 

26 

14.08 

1.346 

1.16 

1.691 2.391 

23 . 816 | 88.673 

3.382 

47.630 

4.783 

67.360 

7.56 

106.60 

10.69 

160.61 


Part IV OPEN TRAPEZOIDAL CHANNELS 


61 


TABLE XV.— OPEN TRAPEZOIDAL CHANNELS (Con.) 

Bazin’s Third Form 


For Uneven Surfaces, Hubble Masonry^ 
ETC. 

Light type, the mean velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per sec. 


Jtank Dlopcn 1 




12 5.0! 
i:i 5.5! 


10 7.02.9 

17 7.53.0 

I 

18 8.03.1 


Area 

r 

Vr' 

sq.ft. 

feet 

feet 

17.72 

1.405 

1.19 

21.88 

1.501 

1.25 

24.44 

1 . 043 

1.28 

27.14 

1.725 

1.31 

29.90 

1.805 

1.34 

32.92 

1.880 

1.37 

36.00 

1.905 

1.40 

39.22 

2.045 

1.43 

44.10 

2.150 

1.47 

1 

49.34 

2.253 

1 1 

sq. ft. 

feet 

foot 


Sciuare Itoot of Sine of .Angle f»f Inclination. 


.01291 . 01 5S1 .022311 .031021 .044721 .07071 


26.196 80.86 43.64 61.72 87 
1.527 1.87 2.05 3.74 5. 

33.403 40.91 67.86 81.81 116 . 

1.5S0 1.94 2.74 3. 87 5. 

38.616 47.29 66.89 94.61 133 , 
1.032 2.00 2.83 4.00 5. 

44.284 64.24 76.71 108.49 163 . 

1.082 2.00 2.91 4.12 5. 

60.393 61.72 87.27 123.41 174 . 

1.731 2.12 3.00 4.24 0. 

66.976 69.78 98.66 189.63 197 . 

1.777 2.18 3.08 4.35 6, 

68.972 78 . 37110.81 166.74 221 . 

1.824 2.23 3.10 4.47 6. 

71.628 87.61 123.88 176.17 247 . 

1.883 2.31 3.20 4.01 0. 

83.163 101.83 144.06 203.71 288 . 

1.940! 2.38| 3.30 4.75 0. 

96 . 710 , 117.22 166.77 284.44 381 . 


.93 7.79 

.27 137.98 
.29 8.30 
.72 182.96 
.47 8.00 
.79 211.68 
.051 8.94 
.42 242.69 
.83 9.21 
.62 276.96 

.00 9.48 

.83 312.00 
.10 9.74 
.66 860.46 
.32 9.99 
.72 891.72 
.52 10.31 
.06 466.47 
.72 10.03 
.68 624.28 


. 01 1 18 . 0129 1 . 01581 . 02230 . 03102 . 04472 
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TABLE XVI.— OPEN TRAPEZOIDAL CHANNELS 

Bazin’s Fourth Form 

For Uneven Surfaces, Loose Earth, etc. 

Light type, the mean velocity in ft. per sec. 

Heavy type, the discharge in cu.ft. per sec. 





ft 



I 

Square Root of Sine of Angle of Inclination. 


.4 

■S 

Area 

r 


Figures in Parenthesis, Fall in Feet per Mile. 

6 


Q 



.022361 

.03162 

. 04472 ! 

.07071 

.10000 

.14142 

ins. 

ins. 

sq.ft. 

fort 

feet 

(2.64) 

(5.28) 

1 (10.6)| (26.4)| 

(52.8) 

(106) 

1 

26 

13 

3.52 

.673 

.82 

.746 

2.626 

1.055 

3.714 

1.49li 

5 . S 49 : 

2.358 

8.302 

3.335 

11.742 

4.72 

16.60 

2 

28 

14 

4.08 

.725 

.85 

.799 

3.263 

1.130 

4.614 

1.5971 2.526 

6 . 621110.314 

3.572 

14.686 

5.05 

20.63 

3 

30 

15 

4.69 

.777 

.88 

.851 

3.989 

1.204 

5.644 

1.702' 2.692 

7 . 978 : 12.619 

3.806 

17.841 

5.38 

86.23 

4 

32 

16 

5.33 

.828 

.91 

.903 

4.816 

1.277 

6.811 

I. 8 O 61 

9.632 

2.856 

16.832 

4.039 

21.641 

5.71 

30.46 

5 

34 

17 

6.02 

.880 

.94 

.955 

6.760 

i 1.350 

8.128 

1.909 

11.494 

3.019 

18.177 

4.269 

26.704 

6.04 

86.36 

6 

36 

18 

6.75 

.932 

.97 

1.006 

6.791 

1.422 

9.699 

2.011 

13.674 

3.180 

21.466 

4.497 

30.366 

6.36 

42.93 

7 

40 

20 

8.33 

1.036 

1.02 

1.106 

9.817 

1.564 

13.033 

2.212 

18.433 

3.497 

29.148 

4.946 

41.217 

6.99 

1 68.88 

8 

44 

22 

10.08 

1.139 

1.07 

1.205 

12.160 

1.703 

17.172 

2.409 

24.890 

3.809 

38.407 

5.387 

64.318 

1 7.62 

76.81 

9 

48 

24 

12.00 

1 . 243 

1.12 

1.301 

16.618 

1.840 

22.080 

2.602 

S 1 . 2 S 4 

4.115 

49.380 

5.819 

68.888 

8.23 

98.76 

10 

52 

26 

14.08 

1.346 

1.16 

1 .396 

19.660 

1.974 

87.800 

2.792 

39.321 

1 

4.415 

68.178 

6.244 

87.936 

8.83 

184.86 
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TABLE XVL— OPEN TRAPEZOIDAL CHANNELS (Con.) 


Bazin’s Fourth Form 

For Uneven Surfaces, Loose Earth, etc. 

Light type, the mean velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per sec. 


Hank h Iojwii IV 4 fol yrrr 











73 

a 

Qj 

Area 

r 

vr 



Q 




c 

VC 

feet 

feet 

sq.ft. 

feet 

feet 

11 

4.5 

2.25 

17.72 

1.405 

1.19 

12 

5.0 

2.5 

21.88 

1 . 561 

1.25 

13 

5.5 

2.6 

24.44 

1.643 

1.28 

14 

6.0 

2.7 

27.14 

1.725 

1.31 

15 

6.5 

2.8 

29.96 

1.805 

1.34 

10 

7.0 

2.9 

32.92 

1.886 

1.37 

17 

7.5 

3.0 

36.00 

1.965 

1.40 

18 

8.0 

3.1 

39.22 

2.045 

1.43 

19 

9.0 

3.2 

44.16 

2.150 

1.47 

20 

10.0 

3.3 

1 

49.34 

2.253 

1.50 

feet 

feet 

sq.ft. 

feet 

feet 

21 

11.0 

3.4 

54.7 

2.354 

1.53 

22 

12.0 

3.5 

60.4 

2.452 

1.57 

23 

13.0 

3.6 

66.2 2.550 

1.60 

24 

14.0 

3.7 

72.3 

2.646 

1.63 

25 

16.0 

3.8 

82.5 

2.770 

1 . 67 ! 

26 

18.0 

3.9 

93.0 

2.901 

1.70 

27 

20. o’ 4.0 

1 

104.0 3.021 

1.74 

28 

22.0 

4.1 

115.4 

3.138 

1.77 

29 

24.0 

4.2 

127.3 

3.251 

1.80 

o 1 

CO 

26.0 

4.3 

139.5 

3.362 

1.83 


Square Root of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


.01581 .02236 .03162 .04472 .07071 . 10000 


1.025 1.45 2.05 2.90 4.58 6.48 

18.162 25.68 36.32 51.37| 81.21114 86 
1.123 1.59 2.25 3.181 5.02 7.10 

24.666 34.74 49.13 69. 48' 109. 83 166.33 
1.173 1.66 2.35 3.32| 5.25 7.42 

28.668 40.66 67.36 81.12,128.24 181.37 
1.223 1.73 2.45 3.46! 5.47 7.74 

33.186 46.94 66.37 93.89 148.43 209.92 
1.271 1.80 2.54 3.60 5.69 8.04 

38.079 63.87 76.19 107.74 170.32 240.88 

1.319 1.87 2.64 3.73 5.90 8.34 

43.416 61.42 86.86 122.81 194.20 274.64 

1.366 1.93 2.73 3.86 6.11 8.64 

49.176 69.62 98.32 139.03 219.86 310.90 
1.412 2.00 2.82 3.99 6.31 8.93 

66.372 78.31 110.74 166.69 247.60 360.16 
1.472 2.08; 2.94 4.16 6.58 9.31 

66.004 91.94 130.01 183.84 290.66 411.09 
1.530 2.16: 3.06 4.33 6.84 9.68 

76.483 106.76 160.97 213.47 337.60 477.32 


.01291 .01581 .02236 .03162 
(.88) (1.32) (2.64) (5.28) 

1.30 1.59 2.24 3.17 

70.89 86.82 122.78 173.64 
1.34 1.64 2.32 3.28 

80.84 98.961140.01 197.97 
1,38 1.691 2.39i 3.39 

91.64 112.08 168. 61224. 22 
1.42 1.74! 2.47| 3.49 

103.01 126.16!178.38;262.23 
1.48 1.8l| 2.561 3.62 

121.96 149.42 211. 26 298. 84 


4.49 

246.61 

4.64 

279.96 

4.79 

317.09 

4.93 

366.76 

5.13 

422.61 


142.60 174. 

1.58 1. 

164.63 201. 

1,63 2. 

188.13 230. 
1.68 2 . 
213.29 261. 

1.72 2. 

240.00 293. 


L63 780.6 
).48 8.7 

L92 901.2 
>.65 8.9 

L.63 1030.3 
}.80 9.2 

L62 1168.0 
>.96 9.4 

L.86 1314.4 
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iSquaro Hoot of Si no of AnRlo of Inclination. 
.iFiRurcH in Parenthesis, Fall in Feiit per Mile. 



.188 .ao t 

.338 .2071 .4r»r» 


521 .2580 .TiOO 


1.021 .3024 .002 


1.333 .4142 .044 


10 2.083 .5178 . 72011 

11 2.521 .5695 •r55L;gm J 

12 S.OtH) .6213 .788L-22iiii 211 


1 .02230 

L 03 102 

) (2.04) 

; (5.28) 

.448 

.(i44 

.084 

.121 

. 573 

.819 

.191 

.273 

.084 

.977 

.866 

.609 

.792 

1.13! 

.694 

0.848 

.892 

1 . 275 

.911 

1.302 

. .993 

1.417 

i 1.824 

1.889 

l.OSO 

1.649 

1.888 

2.614 

1.177 

1.679 

2.462 

3.498 

1 . 205 

1.805 

3.189 

4.650 

1.347 

1.924 

4.041 

6.772 



1 .01581 

.02230 

(1.32) 

(2.04) 


6.844 8.866 
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TABLE XVII.— OPEN TRAPEZOIDAL CHANNELS {Con.) 


‘ Kutter*s Formula 

When n equals .017. 

Light type, the mean velocity in ft. per see. 
Heavy type, the discharge in cu.ft. per see. 


Bank Mlopts fol 






jg iRqiiare Root of Sine of Angle of Inclination. 

^ ^ ! Figures in Parenthesis, Fall in Feet per Mile. 

[2 & Area r Vr ! 

Q ! I 

i .01118 . 01291 i.Ol.'iSl .022.10 .0.1102 .04472 
feet feet sq.ft, feet feet (.00) (.88) (1.32) (2.04) (5.28) (10.0) 


►*17 72 1 40'';i 19* ^ 2.43 3.45 4.88 

1.400 1.1.1^ 3^324 452 30.28 43.11 61.18 86.64 
'91 kK i or} 1-275 1.488 1.84 2.02 3.72 5.2.') 

j^i 1 1 *^^11 ^*127.891 82.560 40.18 67.29 81.27 114.91 

•os 1 9k 1-325 l..')44 1.91 2.72 3.85 5.45 

Z4.44 1.U4.5 1.^833 333 3^ ^33 33 33 33 33 94 09 188.08 

'07 i^'i 7 ‘)rJi oi 1.371 1..598 1.97 2.81 3.98 5.03 

I *^1 87.202 43.832 63.48 76.17 107.97 162.69 

90 orJi knrJi '14 1-419 1.0.52 2.04 2.90 4.11 5.81 

^J.UU i.KUo 1.34 42 54349 494 30 97 86.82 128.08 174.07 


24 0.0*2. 7 

27.14 

1 . 725 

2r. 6.r.!2.8 

29.90 

1 . 805 

26 7.0 2.9 

32.92 

1.880 

27 7.53.0 

30. 00| 1.965 

28 8.0 3.1 

39. 22! 2. 045 

29 9.03.2 

44.10|2.150 

30 10.0 3.3 

49.34 

2.253j 

feet feet 

sq.ft. 

feet 


48.166 66.021 68.99 98. 

. 1.507 1.753 2.10 3. 

^64.262 68.108 77.69 110. 

. 1.550 1.802 2.22 3. 

^60.783 70.666 86.94 123. 

, 1.000 1.806 2.29 3. 

70.921 82.408 101.30 143. 
. 1.000 1.928 2.37 3. 

’ 81.896 96.118 116.88 166. 


.98 4 

.22 189 
.07 4 

.48 166 
.15 4 

.66 176 
.20 4 

.96 203 
. 3(i 4 
.96 286 


.23 5.98 

.20 196.87 
.35 6.15 
.60 221.47 
.47 6.32 
.21 247.80 
.02 6.53 
.98 288.60 
.77 6.74 
.18 382.67 


.01000 .01118 .01291 .01581 .02230 .03102 


6! 4.91 

268.61 
I 5.04 
;804.41 
! 5.17 

7 842.78 
5 5.30 

888.62 
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TABLE XVII.— OPEN TRAPEZOIDAL CHANNELS (Con.) 


Kutter’s Formula 


When n equala .017. 


Bank riopea fol 


Light type, the mean velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per sec. 




? Width 

J Depth 

Area r 

sq.ft, feet feet 

28.0 4.4 

152.2 3.47 1.80 

30.0 4.5 

165.4 3.58 l.So! 

32.0 4.0 

178.9 3.68 1 .92 

34.0 4.7 

102.9 3.70 1 .95 

30.0 4.8 

207.4 3.89 1.07 

38.0 4.9 

222.2 3.00 2.00 

40.0 5.0 

237.5 4.00 2.02 

1 

44.0 5.2 

269.4 4.20j2.07 

48.0 5.4 

302.9 4.49j2.12' 

52.0 5.G 

338.2 4.60 2.17, 


Square Hoot of Sine of Angle of Inclination, 
h'igurcs in Parenthesis, Fall in Feet per Mile. 


. (M)SOS; . 0 UMK), . 0 1 1 is; . 01 2f) 1 . 0 1 r>Sl . 02230 


274.79:305.39 341.82; 393.8 482.1 681. 

l.S4i 2.n.f> 2.201 2.0 3.2 4. 

304.95|338.69 378.38| 436.4 634.2 764. 

1.S8 2.00 2.33! 2.7, 3.3 4./ 

336.94 373.99 417.66 481.6 589.2 832.1 

1.02 2.13 2.3S; 2.7j 3.4 4.7 

370.63 411.14 468.99 629.0! 647.1 913.6 

1.90 2.17 2.42, 2. Si 3.4 4.8 

406.01449.97 602.23 678.61 707.6 998.6 


443 . 32 490 . 87 647 . 76i 630 
2.03; 2.25 2.511 2 

482.36 633.66 696.41 686 
2.10i 2.32 2.50' 3 

666 . 93 626 . 72 697 . lOj 802 
• 2.17! 2.40 2.071 3 

666.77:726.54 807.64; 929 
2.24! 2.47 2.751 3 

766. 971834. 10 928.4711067 


.8 3.5 4.9 

9 771.3 1088.4 

0 3.5 5.0 

4 837.7 1182.0 
,0 3.0 5.1 

2 979.9 1382.4 

1 3.7 5.3 

1 1134.6 1699.8 

2 3.9 5.4 

1 1302.6 1836.3 


feet feet sq.ft. 

feet feet 

56.0 5.80 375.3 

4.88 2.21 

o 

8 

5.07 2.25 

65.0 6.25 464.8 

5.31 2.30 

70.0 6.50 518.4 

5.55 2.36 

75.0 6.75 574.0 

5.78 2.41 

80.0 7.00 633.5 

6.02 2.45 

85.0 7.25 695.1 

6.25 2.50 

90.0 7.5o|759.4 

6.49 2.55 

95.0 7.75 826.3 

1 

6.72 2.59; 

100.0 8.00^896.0 

6.95 2.64, 


. 0070 1 . 00898 . OKKK) .01118! 


769. 6i 862.7 960.6 1067.9 
2.1| 2.4 2.01 2.9 

860.71 977.6 1076.4 1197.3 
2.11 2.4 2.7j 3.0 

997.1!1132.8 1246.2 1386.2 

2.2 2.5 2.8i 3.1 

1146 . 6 1302 . 2 1431 . 2 1689 . 9 

2.3 2.0 2.8| 3.2 

1308.4 1486.6 1631.8:1811.7 


3.2 

1216.1 

3.3 

1374.6 

3.4 
1689.8 

3.5 

1823.6 

3.6 

2076.6 


4.0 

1482.7 

4.1 

1676.7 

4.2 
1937.9 

4.3 

2222.3 

4.4 

2629.4 


1483.0 1686.1 1847.9 2060.6 2349 

I 2.4 2.7 3.0i 3.3 3 

1670.3 1897.6 2079.7 2306.6 2641 

2.5 2.8 3.i: 3.4 3 

1871 . 1 2124 . 7 2326 . 7,2678 . 9 2963 

2.5i 2.0 3.]| 3.5 4 

2086. 7 2369 . l!2692 . 2i2872 . 4 3287 
2.6' 2.9! 3.2 3.6 4 

8313. 6:2628 . 0 2873 . 6 3188 . 6 3641 


.7 4.5 

.7 2861.6 
.8 4.6 

.4 3216.8 
.9 4.7 

.8 3694.1 
.0 4.8 

.2 8998.7 
.1! 4.9 

.3 4428.9 
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TABLE XVIII.— OPEN TRAPEZOIDAL CHANNELS 


Kutter’s Formula 

When n equals .020. 

Li^ht type, the mean velocity in ft. per see. 
Heavy type, the cliseharKc^ in eu.ft. per see. 


Bank ttlnptn \ to \ 


U— 


-5 5 

a 


A i ins. : ins. 


8 20 10 
9 22 11 

10: 24 I 12 


Area 

r 

vV ' 

1 sq.ft. 

feet 

f<‘«'l 

.ISS 

. 1.5,53 

. 394 

. 3.13 

. 2071 

.4.55 

.,'>21 

. 2589 

. ,509 

. 750 

.3107 

. 5.57 

1.021 

.3024 

.002 

1.333 

.4142 

. 044 

1.088 

.4000 

. 083; 

2.083 

.5178 

.720! 

1 

2.521 

.5095 

|.75.5; 

3.000 

.0213 

. 788j 

sq.ft.l 

feet. 

1 

feet; 


Square Hoot of Sine of AnKl(‘ of Inclination. 
Figures in Parc'iithesis, Fall in Feet per Milo. 


2230 

.03102 

.04472 

.07071; 

.04) 


.2.S) 

(10.0) 

(2t 

.4)i 

359 j 


517 


731 

1 

10 

067 1 


097 


137 

0 

22 

4t>l ! 


(>(•>2 


930 

1 

48 

164 ! 


221 


312 

0 

49 

553 ! 


792 

1 

120 

1 

77 

288 : 


418 

0 

683 

0 

92 

042 i 


918 

1 

298 

2 

05 

482 1 


689 

0 

974 

1 

64 

720 i 

1 

037 

1 

400 

2 

32 

741 , 

1 

069 

1 

496 

2 

37 

.811 ! 

1 

. 1.50 

1 

035 

2. 

,59 

081 ; 

1 

.641 

2 

180 

3 . 

46 

. 889 ' 

I 

.207 

1 

.792 

2, 

.83 

.600 

2 

.138 

3 

024 

4 . 

78 

.90<> 

1 

.370 

1 

.940 

i 

,08 

012 

2 

867 

4 

.064 

6 

41 

.039 i 

1 

.482 

2 

.097 

3. 

.32 

619 

3 

736 

6 

.286 

8 

36 

.108 ; 

1 

.583 

: 2 

.238 

3. 

.54 

324 1 

4 

749 


.714 

10 . 

62 



12.00 l.i 


1.01581 

.02230 

.031 ()2 

; (1.32) 

(2.04) 

(.5.28) 

! .82 

1.18 

1.08 

i 2.88 

4.16 

6.92 

.87 

1 . 25 

1.78 

i 3.64 

6.10 

7.27 

’ .91 

1.32 

1.88 

, 4.28 

6.16 

8.79 

1 .90 

1.38 

1.97 

i 6.12 

7.36 

10.60 

! 1.01 

1.45 

2.00 

6.06 

8.70 

I 12.40 

1.05 

1.51 

2.15 

7.09 

10.17 

1 14.49 ! 

1.14 ! 

1.03 

2.32: 

9.49 

18.69 ! 

1 19 36 

1.22 

1.75 ! 

! 2.49! 

i 12.32 

17.68 

26.11 

1.30 

1.80 

2.05 

1 16.66 

1 22.37 

81.86 

: 1.38 

1 1.98 

2.81 

j 19.46 

127.82 

89.63 



F 14 79.40 

>.9.1 8.39 

L .21 100.70 
>.28 8.88 

K .42 120.08 
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OPEN TRAPEZOIDAL CHANNELS Part IV 


TABLE XVIII.— OPEN TRAPEZOIDAL CHANNELS (Con.) 


Kutter’s Formula 

When n equals .020. 

Light type, the mean velocity in ft. per sec. ji ima/i 

Heavy type, the discharge in cu.ft. per sec. ‘ * 



«♦» 

ft 

Q) 

Area 

r 

vr 

Square Hoot of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 

feet 

Q 

feet 

sq.ft. 

feet 

feet 

.01291 .01681 .02236 .03162 .04472 .07071 
(.88) (1.32) (2.64) (6.28) (10.6) (26.4) 
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TABLE XVIII.— OPEN TRAPEZOIDAL CHANNELS (Con.) 


Kutter’s Formula 

Whim 71 equals .020. 

Light type, the mean velocity in ft. per sec. 
Heavy type, tlie discharge in cu.ft. per sec. 





6 

ja 

•S 

feet 

JH 

ft 

Q 

feet 

Area 

sq. ft. 

r 

feet 

V7 

feet 

41 

28.0 

4.4 

152.2 

3.47 

1.86 

42 

30.0 

4.5 

165.4 

3.58 

1.89 

43 

32.0 

4.6 

178.9 

3.68 

1.92 

44 

34.0 

4.7 

192.9 

3.79 

1.95 

45 

36.0 

4.8 

207.4 

3.89 

1.97 

46 

38.0 

4.9 

222.2 

3.99 

2.00 

47 

40.0 

5.0 

237.5 

4.09 

2.02 

48 

44.0 

5.2 

269.4 

4.29 

2.07 

49 

48.0 

5.4 

302.9 

4.49 

2.12 

50 

52.0 

5.6 

338.2 

4.69 

2.17 


Square Hoot of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


■ OKKK)!. 01118 
(.528) 1 (.(i(i) 

.01291 

(.88) 

. 01 581 !. 02230 

(1 .32) (2.04) 

.03162 

(5.28) 

1.7ll 1.91 

2.20 

2.7 

3.8 

5.4 

260.03 290.47 

386.23 

410.4 

679.9 

820.0 

1 . 74 ! 1.95 

2.25 

2.8 

3.9 

5.5 

288.41 322 . 16371.60 

464.9 

642.3 

908.4 

1.78 

1.99 

2.29 

2.8 

4.0 

5.6 

318.69 

366.91 

410.31 

602.11 708.8 

1002.2 

1.82 

2.03 

2.34 

2.9 

4.0 

5.7 

360.66 

391.27 

460.89 

661.6 

778.6 

1100.7 

1.85 

2.07 

2.38 

2.9 

4.1 

5.8 

384.03 

428.41 

498.62 

603.4 

861.6 

1203.7 

1,89 

2.10 

2.42 

3.0 

4.2 

5.9 

419.10 

467 . 32688.48 

668.0 

928.4 

1812.4 

1.92 

2.14 

2.46 

^ 3.0 

4.3 

6.0 

466.00 

608.26 686.20 

714.9 1008.7 

1426.2 

1.99 

2.21 

2.55 

3.1 

4.4 

6.2 

634.68 

696 . 82686.62 

837.2 1180.3 

1667.1 

2.05 

2.28 

2.62 

3.2 

4.5 

6.4 

620.42 

691.01 794.61 

970.0 1866.9 1929.7 

2.11 

2.35 

2.70 

3.3 

4.6 

6.5 

713.69 

794 . 68 j 912.91 

1114 . 2 | 1669 . 1 ^ 2216.1 








.00898 

.01000 

.Oni8Loi291 

.01581 

.02236 


feet 

feet 

sq. ft. 

feet 

feet 

(.426) 

(.528) 

(.60) 1 (.88) 

(1.32) 

(2.64) 

51 

56.0 

5.80 

375.3 

4.88 

2.21 

2.0 

788.9 

2.2 

814.8 

2 . 4 ! 2.81 

906.9 1040.6 

3.4 

1269.0 

4.8 

1787.0 

52 

60.0 

6.00 

414.0 

5.07 

2.25 

2.0 

887.9 

2.2 

922.8 

2.5i 2.8 

1025.9 1177.8 

3.5 

1486.6 

4.9 

2022.0 

53 

65.0 

6.25 

464.8, 

5.31 

2.30 

2.1 

972.0 

2.3 

1069.6 

2.61 2.9| 3.6 

1188.1 1362.9 1661.8 

5.0 

2388.6 

54 

70.0 

6.50 

518.4 

5.55 

2.36 

2.2 

1118.7 

2.4 

1929.1 

2.6i 3.0 3.7 

1964 . 9 : 1864 . 6 ! 1906.1 

5.2 

2681.6 

55 

75.0 

6.75 

574.6 

5.78 

2.41 

2.2 

1277.3 

2.4 

1402.0 

2.7 3.1 3.8 

1886.6 1783 . o ! 2170. 8 

5.3 

8002.2 

56 

80.0 

7.00 

633.5 

6.02 

2.45 

2.3 

1449.4 

2.5 

1688.8 

2.8> 3 . 2 I 3.9 

1768 . 0 ; 8019. 0 2467.8 

5.5 

8458.8 

57 

85.0 

7.25 

695.1 

6.25 

2.50 

2.4 

1683.0 

2.6 

1788.5 

2.9i 3.3: 4.0| 

1983 . 8 ; 2270. 9 2768.0 

5.6 

8882.8 

58 

90.0 

7.50 

759.4 

6.49 

2.55 

2.4 

1830.9 

2.6 

2008.2 

2 . 9 : 3.3 4.1 

2820 . 4 : 2840 . 9 ; 8090 . 7 

5.7 

4841.8 

59 

95.0 

7.75 

826.3 

6.72 

2.59 

2.51 

2048.6 

2.7 

2282.8 

3.01 3.41 4.2 

2474 . l '; 2880 . 8 : 8440. 9 

5.8 

4882.5 

60 

100.0 

8.00 

896.0 

6.95 

2.64 

2.5 

2867.8 

2.8 

2476.5 

3.1! 3.5 4.3 

2748 . 6 j 8186. 0 8812.8 

6.0 

5851.8 
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TABLE XIX.— OPEN TRAPEZOIDAL CHANNELS 


Kuttcr’s Formula 

When n equuls .025. 

liifrht type, the mean velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per see. 









Square Root of Sine of Angle of Inclination. 



a 

Area 

r 

vr 

Figures in Parenthesis, Fall in Feet per Mile. 



Q 





i 

!. 10000 

1 


6 






.03162 

.04172 

.07071 


.14142 

.22361 


ins. 

ins. 

sq.ft. 

feet 

feet 

(5.28) 

; (lo.(i) 

(2r>.4) 

(52.8) 

(106) 

(264) 

1 

6 

3 

.188 

. 1553 

.394 

.381 

.071 

. 539 

.101 

. 852 

.160 

1.21 

0.23 

1.70 

0.32 

2.69 

0.61 

2 

8 

4 

. 333 

.2071 

.455 

.493 

.164 

. (>97 
.232 

1 . 102 

0.367 

1 . 56 

0.62 

2.21 

0.74 

3 . 49 

1.16 

3 

10 

5 

.521 

. 2589 

.509 

. 594 

.309 

.840 

.438 

1 . 328 

0.692 

1.88 

0.98 

2.(i6 

1.38 

4.20 

2.19 

4 

12 

6 

.750 

.3107 

.557 

.691 

.518 

.977 

.733 

1 . 545 

1.159 

2.19 

1.64 

3.09 

2.32 

4.89 

3.67 

5 

14 

7 

1.021 

.3624 

.602 

.782 

.798 

1 . 106 

1.129 

1 . 749 

1.785 

2.47 

2.63 

3.50 

8.57 

5.53 

6.65 

6 

16 

8 

1.333 

.4142 

.644 

.875 

1.167 

1 . 238 

1.661 

1.957 

2.609 

2.77 

3.69 

3.92 

5.22 

6.19 

8.25 

7 

18 

9 

1 . 688 

.4660 

.683 

.902 

1.623 

1 .360 

2.295 

2.150 

3.628 

3.04 

5.13 

4.30 

7.26 

6.80 

11.48 

8 

20 

10 

2.083 

.5178 

.720 

1.017 

2.181 

1.480 

3 083 

2.341 

4.877 

3.31 

6.90 

4.68 

9.75 

7.40 

15.42 

9 

22 

11 

2.521 

.5695 

. 755 

1 . 130 

2.849 

1 . 598 

4.028 

2.526 

6.368 

3.57 

9.01 

5.05 

12.74 

7.99 

20.14 

10 

24 

12 

3.000 

.6213 

.788 

1 . 20S 

3.624 

1 . 708 

6.124 

2.701 

8.103 

3.82 

11.46 

5.40 

16.21 

8.54 

25.63 







. 02236 

.03162 

.04472 

.07071 

.10000 

.14142 


ins. 

ins. 

H(l.ft. 

foot 

feet; 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(106) 

11 

26 

13 

3.52 

.673 

.82 

.90 

3.18 

1.29 

4.53 

1.82 

6.41 

2.88 

10.13 

4.07 

14.38 

5.76 

20.27 

12 

28 

14 

4.08 

.725 

.85 

.96 

3.91 

1.37 

5.57 

1.93 

7.89 

3.05 

12.47 

4.32 

17.63 

6.11 

24.94 

13 

30 

15 

4.69 

.777 

.88 

l.Ol 

4.74 

1.44 

6.76 

2.04 

9.55 

3.22 

15.11 

4.56 

21.37 

6.45 

30.22 

14 

32 

16 

5.33 

.828 

.91 

1.06 

6.67 

1 1.52 

8.09 

2.14 

11.43 

3.39 

18.08 

4.79 

25.66 

6.78 

86.15 

15 

34 

17 

6.02 

.880 

.94 

1.12 

6.71 

1 . 59 

9.57 

2.25 

13.53 

3.55 

21.39 

5.03 

30.26 

7.11 

42.79 

16 

36 

18 

6.75 

.932 

.97 

1.17 

7.86 

1.66 

11.21 

2.35 

15.85 

3.71 

25.06 

5.25 

36.44 

7.43 

50.12 

17 

40 

20 

8.33 

1.036 

1.02 

1.27 

10.54 

1.80 

15.01 

2.55 

21.22 

4.03 

83.56 

5.70 

47.46 

8.05 

67.12 

18 

44 

22 

10.08 

1.139 

1.07 

1.36 

13.71 

1.93 

19.50 

2.74 

27.68 

4.33 

43.61 

6.12 

61.67 

8.65 

87.21 

19 

48 

24 

12.00 

1.243 

1.12 

1.45 

17.45 

2.07 

24.79 

2.92 

35.05 

4.62 

55.43 

6.53 

78.88 

9.24 

110.86 

20 

52 

26 

14.08 

1.346! 

1.16 

1.54 

21.72 

2.19 

80.86 

3.10 

43.63 

4.90 

68.99 

6.93 

97.57 

9.80 

187.99 
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TABLE XIX.— OPEN TRAPEZOIDAL CHANNELS (Con.) 


Kutter’s Formula 

When n equals .025. 

Light type, the moan velocity in ft. per sec. 
Heavy type, the discharge in cii.ft. per sec. 






.£3 i JS 
ft 

r* 1 ^ 

pf ' Q 

feet feet 

Area 

•sq.ft. 

r 

feel 

! 

vr 

feet 

4.r.;2.2rJ 

!i7.72 

1.405 

|l.39 

5.o‘2.r) 

j 

21.88 

1.501 

j 

i. 2 r, 

5. 5,2. 6 

24.44 

1.043 

1 .2« 


Figures in Parenthesis, Fall in Feet per Mile. 


Oir)Sl . 022af>| . 03 1 02 . 04472 . 07071 ! . lOO(K) 


.76 28.21 


6.5 2.8 


2.26 .3. 

40.06 06. 

2.44 3. 

63.44 76. 

2.54 3. 

62.03 87. 

2.63 3. 

71.34 100. 

2.72 3. 

81.62 116. 


i.05 7.15 

LOO 126.66 
i.46 7.73 

LOO 169.01 
i.6S 8.03 
1.70 196.16 
>.88 8.31 

L47 226.66 
).08 8.60 
1.28 267.78 


|32. 92 1.886 1.37 

;36.0o'l .965 1.40 

I I 

39.22:2.045 1.43 
44,16 2.150 1.47 
49.34 2.253 1.50 


1,39 

46.72 

1.43 
61.66 
1.48 
67.84 
1 . 53 
67.61 : 
1 . 58 I 


1.98 2.81 3. 

66.11 92.39 130 

2.04 2.89 4, 

73.40 104.16 147 

2.10 2.98 4 

82.31 116.74 166 

2.18 3.09 4 

96.06 136.23 192 

2.25 3.19 4 


78.16 illl .OO 167.43 222 


97 6. 

64 206. 

09 6. 

31 232 
21 6 , 

10 261 

36 6 

67 304 
51 7. 

60 362. 


28 8.88 

681292.16 
471 9.15 

88329. 36 
66 9.42 

061369. 21 
90 9.76 

66 430.87 
14 10.09 
01 497.79 


f<*et| feet! s<i.ft. feet f< 

11.0;3.4 I 54.7 2.354 1. 
I2.0I3.5 I 60.4 2.452 1. 
13.0, 3.(> 60. 22. 550 1 . 

14.0! 3.7 72.3j2.646 1. 

10.0 3.8 82.5 2.776 1. 


1 . 01291 ! . 01581 ' . 02236 . 031 621 . 04472! . 07071 
reetl (.88) (1 . 32) ‘ (2 . 64) (5. 28)| (10.6); (26.4) 


LO 3.9 93.0,2.901 1 

3.0 4.0 104.03.0211 

i I 

2.0 4.1 115.4 3.138,1 

1.0 4.2 127.3!3.25lll 

3.0 4.3 139.5 3.3621 


5H l.< 

72,86! 89.1 

57 3 • d7 i 1 . ( 

82. 841101.^ 

60 1-41! 1- 

93.47;114.^ 

104.89 128.1 

..7 1 . 50 ; \A 

123.77;i61.1 

7J1 1 . 55I 1 . \ 

144.08 176.1 
74 l.OOi l.< 

166.98203.1 
77 1 . 64 | 2 .( 

189.40;231.1 
80 ^-68 2.( 

214.31 262 .^ 
u'i 1 73 2. 

240.70 294.1 


90! 2. 

82 260. 

961 2. 

63 287 
01 2 , 

98 328 

00 ! 2 , 

4l!871 
11 2 . 

70i416. 


.321 3. 

.06 180. 
. 39 ; 3. 

.30 204. 
.46 3. 

.82 230. 
.52: 3. 

.60 268. 
.61 3. 

.14 304. 

.69 3. 

.21 364. 
.77 3. 

.98 407. 
.84 4. 

.24 464. 
.92 4. 

.09 624. 
.99 4. 

.66 689. 


.76 402.8 
.79 7.6 
.26 467.4 
.92 7.8 
.17 616.8 
.00 8.0 
.73 678.8 
.23 8.3 
.02 681.6 


81! 5. 

49 601. 

92 ; 5. 

68 676. 
02i 5. 

32 666. 
12! 5. 

82j742. 
22 ! 5. 

261888. 


26! 792.6 
54j 8.8 

681 911.6 
691 9.0 

71 1088.8 
83; 9.2 

1811178.6 
97 9.4 

80:1817.6 
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TABLE XX.— OPEN TRAPEZOIDAL CHANNELS 


Kutter’s Formula 

When n equals .030. 

Light type, the mean velocity in ft. per sec. 
Heavy type, the discharge in cu.ft. per sec. 









Square Hoot of Sine of Angle of Inclination. 


•S 

& 

Area 

r 

vr 

Figures 

in Parenthesis, Fall in Feet per Mile. 



Q 









d 






.04472 

.07071 

. 10000 

.14142 

. 22361 

.31623 


ins. 

ins. 

sq. ft. 

feet 

feet 

(10.6) 

(26.4) 

(52.8) 

(106) 

(264) 

(528) 

1 

6 

3 

.188 

.1553 

.394 

.421 

.079 

.666 

.120 

.942 

.177 

1 . 332 

0.200 

2.106 

0.390 

2.979 

0.009 

2 

8 

4 

.333 

.2071 

.455 

.547 

.182 

.865 

.288 

1.223 

0.408 

1.730 

0.077 

2.735 

0.912 

3.867 

1.289 

3 

10 

5 

.521 

.2589 

.509 

.661 

.344 

1.044 

0.044 

1.477 

0.769 

2.089 

1.088 

3.303 

1.721 

4.671 

2.488 

4 

12 

6 

.750 

.3107 

.557 

.?72 

.079 

1.221 

0.916 

1.726 

1.290 

2.441 

1.831 

3 . 859 

2.894 

5.458 

4.094 

5 

14 

7 

1.021 

.3624 

.602 

.877 

.890 

1.387 

1.416 

1.962 

2.003 

2.775 

2.833 

4.387 

4.478 

6.204 

6.383 

6 

10 

8 

1.333 

.4142 

.644 

.986 

1.810 

1.559 

2.079 

2.205 

2.940 

3.118 

4.107 

4.931 

6.070 

6.973 

9.297 

7 

18 

9 

1.688 

.4660 

.683 

1.087 

1.834 

1.719 

2.901 

2.431 

4.102 

3.438 

0.802 

5.436 

9.178 

7.688 

12.974 

8 

20 

10 

2.083 

.5178 

.720 

1.186 

2.471 

1.875 

3.906 

2.. 652 

0.020 

3.751 

7.814 

5.930 

12.804 

8.386 

17.471 

9 

22 

11 

2.521 

.5695 

.755 

1.282 

8.232 

2.027 

0.110 

2.866 

7.220 

4.053 

10.217 

6.409 

16.106 

9.063 

22.846 

10 

24 

12 

3.000 

.6213 

.788 

1.372 

4.116 

2.169 

6.007 

3.067 

9.201 

4.337 

18.011 

6.858 

20.074 

9.699 

29.097 







.03162 

.04472 

.07071 

. lOO(K) 

.14142 

.22361 


ins. 

ins. 

sq. ft. 

feet 

feet 

(5.28) 

(10.6) 

(26.4) 

(52.8) 

(106) 

(264) 

11 

26 

13 

3.52 

.673 

.82 

1.035 

3.644 

1.463 

0.101 

2.314 

8.147 

3.272 

11.020 

4.63 

16.29 

7.32 

20.76 

12 

28 

14 

4.08 

.725 

.85 


1.555 

6.800 

2.459 

10.041 

3.477 

14.198 

4.92 

20.08 

7.78 

81.70 

13 


15 

4.69 

,777 

.88 

1.162 

0.447 

1.643 

7.702 

trsm 

3.675 

17.227 

5.20 

24.86 

8.22 

88.01 

14 

32 

16 

5.33 

.828 

.91 

1.223 

6.023 


2.736 

14.092 


5.47 

29.18 

8.65 

46.14 

15 

34 

17 



.94 

1.285 

7.737 

1.817 

10.940 

2.872 

17.292 


5.75 

84.09 

9.08 

04.69 

16 

36 

18 

6.75 

.932 

.97 

1.344 

9.072 

ilS 

fT'ItvSi 

4.249 

28.681 

6.01 

40.06 

9.50 

64.18 

17 

m 

20 

8.33 



1.461 

12.170 


3.267 

27.220 


6.53 

04.40 

10.33 

86.09 

18 

44 

22 


1.139 


1.572 

10.801 

2.224 

22.420 

3.516 

80.403 

4.972 

00.134 

7.03 

70.90 

11.12 

112.11 

19 

48 

24 


1.243 

1.12 

wjm 

2.381 

28.072 

3.764 

40.168 

5.323 

• 3 . 87 * 

7.53 

90.34 

11.90 

142.84 

20 

52 

26 


1.346 

1.16 

IH 

2.531 

80.640 

m 



12.66 

178.24 
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SmUt %lop— 134 fol 


TABLE XX.— OPEN TRAPEZOIDAL CHANNELS (Con.) 

Kuttcr’s Formula 

When n equals .030. 

Light type, the mean velocity in ft. per sec. 

Heavy type, the discharge in cu.ft. per sec. 





21 

22 

23 

24 

25 

2Gl 

27 

28| 

29 

30| 


feet 

1 Depth 

Area 

sq.ft. 

r 

foot 

feet 

4.5 

2.25 

17.72 

1.405 

1.19 

5.0 

2.5 

21.88 

1 . 5ol 

1.25 

5.5 

2.6 

24.44 

1 . 043 

1.28 

6.0 

2.7 

27.14 

1.725 

1.31 

6.5 

2.8 

29.90 

1.805 

1.34 

7.0 

2.9 

32.92 

1.886 

1.37 

7.5 

3.0 

36.00 

1.905 

1.40 

00 

b 

3.1 

39.22 

2.045 

1.43 

CO 

b 

3.2 

44.16 

2.150 

1.47 

10.0 

3.3 

49.34 

2.253 

1.50 








Square Root of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


. 02230 
(2.04) 


1.30 

23.05 

1.41 

30.87 

1.47 

36.90 

1.52 

41.33 

1.58 

47.25 

1.03 

63.59 

1.08 

60.41 

1.73 

67.84 

1.80 

79.31 

1.80 

91.76 


.03102 

(5.20) 


1.85 

32.76 

2.00 

43.84 

2.08 

50.93 

2.16 

68.64 

2.24 

67.05 


.04472 

( 10 . 0 ) 


2.62 

46.34 

2.83 

61.99 

2.95 

72.06 

3.00 

82.93 

3.17 

94.82 


2.3li 3 

76.07 107 
2.38! 3 

85.79 121 
2.40; 3 

96 . 27:186 
2.55: 3 

112.481159 
2.04* 3 

130.101183 


.27 

.57 

.37 

.32 

.47 

.16 

.001 

.06 

.73 

.97 


.07071 

(20.4) 


4 

73 

4 

98 

4 

113 

3 

131 

5 

149 

5, 

170 

5 

191 

5 

215 

5 

251 

5 

290 


. 10000 
(52.8) 


5 

103 

0 

138 

6, 

161 

0 , 


12 185 
Oli 7 
95.212 

,171 7, 

07|240 
331 7 

84 271 
49i 7 

85304 
70! 8 

54 355 
90| 8 

881411 


.14142 

( 100 ) 


8.27 

146.64 

8.96 

196.04 

9.32 

227.81 

9.06 

262.21 

10.01 

299.90 

10.33 

340.14 

10.66 

383.65 
10.98 

480.54 

11.39 

503.03 

11.79 

581.76 








.01581 

.02236 

.03162 

.04472 

.07071 

. 10000 


feet 

feet 

sq.ft. 

feet 

feet 

(1.32) 

(2.04) 

(5.28) 

(10.6) 

(26.4) 

(52.8) 
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TABLE XX.— OPEN TRAPEZOIDAL CHANNELS (Con.) 


Kutter’s Formula 


When n equals .030. 


Beutk tlopu to 1 


Light type, the mean velocity in ft. per see. 
Heavy type, the discharge in cu.ft. per sec. 


Square Root of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Alile. 


^ feet 


42 30.0 

43 32.0 


45 3G.0 


I |. 012911.01581 .02230.031021.04472.07071 

! sq.ft, feet feetj (.88) | (1.32) (2.64) (5 . 28) | (10 . 6) (20. 4) 


152.213.47:1.80 

I I 

165.4 3.58,1.89 
178.9j3.68|l.92 
192.9 3.79jl.95 
207. 4:3, 89:1.97 


! 1.47! 1.80 2.5 

224.26 274.34 387.6 

' 1.5r 1.84 2.0 

248.89 304.46 429.8 

1 1.54; 1.88 2.7 

276 . 21336.41 474.9 

1.57i 1.92 2.7 

302.72 370.24 622.3 
l.OO: 1.90 2.8 

331 . 67 : 406. 60 671.9 


38.0 4.9 222.2 3.9912.00 

I 

40.0 5.0 237.5 4.09 2.02 

i 

44.0 5.2 209.4 4.29j2.07 

48.0 5.4 302. 914. 49:2. 12 

52.0 5.6 338.2 4.6912.17 


3.0; 5.11 8.0 

647.9 774.9 1226.2 

3.7 5.2 8.2 

607.9 869 . 6 ; 1369.2 

3.8 5.3j 8.4 

671.6 949.6 1601.6 

3.8 5.4 8.0 

738.6 1044.4 1661.3 

3.91 5.5 8.7 

808 . 71148.8 1808.4 


362 . 21 : 442.87 624.2 882 . 

1.00; 2.03 2.9 4. 

394 . 01481.66 679.0 960 . 

1.72: 2.10 3.0 4. 

462 . 76 666 . 12 796 . 8 1126 . 

1.78i 2.17 3.1 4. 

637 . 721666. 17 924.9 1306 . 

1.83i 2.23 3.1 4. 

619 . 661766.29 1064.4 1608 . 


).0 8.9 

1 . 4 : 1973.9 
).7| 9.0 

r. 62146. 6 
>.9 9.3 

L. 62616. 9 
i.li 9.0 
». 412919. 4 
>.3| 9.9 

1.6 8860.8 


.01118 .01291 .01581 .02230 .03102 .04472 
feet feet sq.ft, feet! feet (.60) (.88) (1.32) (2.04) (5.28) (10.0) 


51 50.0 5.80 375.3 4.88 2.21 

I I ! 

52 G0.0|6.00 414.0|5.07|2.25 

53 65 . 0 ; 6 . 25464 . 8 : 5 . 31 : 2. 30 

54 70 .o| 6.50 5i8.4j5.55l2.3O 

55 75.0 6.75 574.6 5.78 2.41. 


616.6 707.7 862.3 1214.8 1714 
1.7 1.9 2.4 3.3 4 

699.2 802.8 977.9 1376.1 1941 

1.7 2.0 2.4 3.4 4 

811.2 930.2 1183.8 1694 . 4;2247 

1.8: 2.1i 2.5 3.5; 5 

934.1 1069 . 9 , 1303.2 1833.62688 
1.9: 2.11 2.6 3.6| 5 

1067 . 0 1221 . 611487 . 0 2092 . 7 2962 


An 1.9 2 

1211.9 1886 
50 2.0 2 < 

1367.3 1662 
55 2.0 2 

1633.2 1761 
59 2*1 2 , 

1710.6 1968 

AA 2.1 2 

^^ 899.6 2168 


2 2 . 

1 1686 . 

9 9 

6 1900! 

3 2. 

12128 . 

4 2. 

6 2378 . 
4 2. 

8 2688 . 


.7! 6, 

.98888 

.81 5 , 

.18766 
.9: 5, 

.94207 
.0; 5. 

. 94692 . 

.11 5, 

.7 6208 . 


.6j 0.5 

. 6 ; 8424.9 

.71 6.6 

.2 2746.2 

. 8 : 6.8 

. 13177.7 
.01 7.0 

.6 8664.0 
.1 7.3 

.9 4169.8 

,3 7.5 

.6 4721.6 

.4 7.6 

.8 6811.9 
.5 7.8 

.7 6960.6 
.7 8.0 

.0 6684.7 
.8 8.2 
. 17868.8 
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OPEN TRAPEZOIDAL CHANNELS Pabt IV 


TABLE XXI.— KUTTER’S 

For Open Trapezoidal Channels and 
Canals in Loose Earth 

The bank slopes are indicated in the figure. 
The dimensions given are bottom width and 
depth of water. 


Quantity 
or Vol. 
of the 
Flow. 

i' Width 

0. 

a> 

Q 

ins. 

v7 

feet 

Area 

sq.ft. 

Mean 
Velocity 
Feet 
per Sec. 

Grade, or Fall in Feet 
per Mile when 

d 

n*.020 

w=.025 

n = .030 

1.25 

6 

3 

.394 

.188 

6.67 

879.0 

1618.0 

2647.0 

1 

sec.-ft. 

8 

4 

.455 

.333 

3.75 

169.0 

306.0 

496.0 

2 

or 

10 

5 

.508 

.521 

2.40 

48.8 

86.9 

140.0 

3 

50 

12 

6 

.557 


1.67 

17.5 

30.8 

49.4 

4 

inches 

16 

8 

.644 

1.333 

0.94 

3.54 

6.07 

9.61 

5 

1.75 

8 

4 

.455 

.333 

5.25 

332.0 

599.0 

973.0 

6 

sec.-ft. 

10 

5 


.521 

3.36 

95.7 

170.0 

275.0 

7 

or 

12 

6 

.557 


2.33 

33.9 

60.0 

96.2 

8 

70 

16 

8 

.644 

1.333 

1.31 

6.76 

11.8 

18.6 

9 

inches 


10 

.720 

2.083 

0.84 

2.00 

3.38 

5.28 

10 

2.50 

■El 

5 

.508 

.521 

4.80 

195.0 

348.0 

561.0 

11 

sec.-ft. 

12 


.557 


3.33 

69.5 

123.0 

197.0 

12 

or 


8 

.644 

1.333 

1.88 

13.9 

24.3 

38.4 

13 

100 

20 

10 

.720 

2.083 

1.20 

4.01 

6.92 

10.8 

14 

inches 

24 

12 

.788 

3.000 

0.83 

1.53 

2.53 

3.85 

15 

3.75 

12 

6 

.557 

.750 

5.00 

157.0 

276.0 

443.0 

16 

sec.-ft. 

16 

8 

.644 

1.333 

2.81 

31.2 

54.4 

85.7 

17 

or 

20 

10 



1.80 

9.03 

15.6 

24.3 

18 

150 

24 

12 

.788 


1.25 

j 3.38 

. 5.65 

8.76 

19 

inches 

30 

15 

.881 

4.688 

0.80 

1.06 

1.69 

2.59 

20 

5.0 

14 

7 

■EE9 

1.021 

4.90 

118.0 

207.0 

329.0 

21 

sec.-ft. 

18 

9 


1.688 

2.96 

28.8 

50.0 

78.3 

22 

or 

24 

12 

.788 

3.000 

1.67 

5.88 

10.1 

15.7 

23 

200 

30 

15 

.881 

4.688 

1.07 

1.81 

2.96 

4.48 

24 

inches 

36 

18 

.966 

6.760 

0.74 

0.70 

1.12 

1.67 

251 

7.5 

16 

8 

.644 

1.333 

5.63 

125.0 

218.0 

344.0 

26 

sec.-ft. 

20 

10 

.720 


3.60 

36.1 

62.5 

97.3 

27 

or 

24 

12 

.788 


2.50 

13.2 

22.6 

35.1 

28 

300 

36 

18 

.966 

6.750 

1.11 

1.47 

2.39 

3.60 

29 

inches 

44 

22 

1.067 

10.083 

0.74 

0.53 

0.84 

1.24 

30 

12.5 

20 

10 




mmm 

173.0 

270.0 

KTfl 

sec.-ft. 

24 

12 

.788 

Utiliiil 


36.7 

62.9 

97.6 


or 

32 

16 

.911 

5.333 

2.34 

7.44 

12.5 

19.2 


500 

44 

22 

1.067 

10.083 

1.24 

1.36 

2.20 

3.28 


inches 

54 

27 

1.183 

15.188 

0.82 

■sEa 

HSa 

1.09 


17.6 

24 

12 

.788 

3.000 

5.83 

71.6 

123.0 

191.0 


sec.-ft. 

32 

16 

.911 

5.333 

3.28 

14.6 

24.6 

37.8 


or 

44 

22 

IKia 

10.083 

1.74 

2.61 

4.27 

6.47 


700 

54 

27 

1.183 

15.188 

1.15 

0.88 

1.40 

2.09 

39 

inches 



1.246 


0.93 

0.51 

0.82 

1.19 

40 


FORMULA 



I I 

K— 

I I 
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TABLE XXI.— KUTTER’S FORMULA (Con.) 


For Open Trapezoidaij Channels and 
Canals in Loose Earth 
The bank slopes are indicated in the figure. 
The dimensions given are bottom width and 
depth of water. 



Quantity 
or Vol. 

■3 

r2 

us 

a 

<0 



Area 

Mean 

Velocity 

Grade, 

per 

or Fall in Feet 
Mile when 


of the 


P 




Feet 




6 

Flow. 

feet 

feet 

feet 

sq.ft. 

per Sec. 

n*.020 

n».025 

n .030 


26.0 

36 

18 


968 

7.875 

3.17 

11.5 

19.2 

29.4 

41 

sec.-ft. 

48 

24 

1. 

117 

14.000 

1.79 

2.42 

3.94 

5.93 

42 

or 

60 

30 

1. 

249 

21.875 

1.14 

0.75 

1.19 

1.78 

43 

1000 

72 

32 

1. 

313 

27.135 

0.92 

0.43 

0.69 

0.99 

44 

inches 

84 

35 

1 

373 

32.915 

0.76 

0.27 

0.42 

0.61 

45 

37.6 

42 

21 

1 

045 

10.719 

3.50 

11.1 

18.4 

27.9 

46 

sec.-ft. 

48 

24 

1. 

117 

14.000 

2.68 

5.36 

8.84 

13.3 

47 

or 

60 

30 

1 

249 

21.875 

1.71 

1.63 

2.61 

3.84 

48 

1500 

72 

32 

1 

313 

27.135 

1.38 

0.93 

1.49 

2.17 

49 

inches 

96 

37 

1 

430 

39.215 

0.96 

0.37 

0.57 

0.83 

50 

50.0 

4. 

2. 

1 

117 

14.00 

3.57 

9.50 

15.7 

23.6 

51 

sec.-ft. 

5. 

2.5 

1 

249 

21.88 

2.29 

2.87 

4.64 

6.90 

52 

or 

7. 

2.9 

1 

373 

32.92 

1.52 

0.99 

1.58 

2.30 

53 

2000 

10. 

3.3 

1 

501 

49.34 

1.01 

0.36 

0.54 

0.79 

54 

inches 

12. 

3.5 

1 

566 

60.38 

0.83 

0.21 

0.33 

0.48 

55 


4.5 

2.25 

1 

.185 

17.72 

4.23 

11.3 

18.5 

27.6 

56 

sec.-ft. 

6. 

2.7 

1 

313 

27.14 

2.76 

3.62 

5.82 

8.62 

57 

or 

0. 

3.2 

1 


44.16 


1.03 

1.63 

2.36 

58 


12. 

3.5 

1 

IniTiJ 


1.24 

0.46 

0.73 

1.05 

59 

inches 

16. 

3.8 

1 


82.46 


0.21 

0.33 

0.48 

60 

126 

6. 

2.7 

1 

313 

27.14 

4.61 

10.0 

16.2 

24.0 

61 

sec.-ft. 


3.3 

1 


49.34 

2.53 

2.11 

3.34 

4.86 

62 

or 

14. 

3.7 

1 

627 

72.34 

1.73 


1.25 

1.82 

63 


18. 

3.9 

1 

703 


1.34 



0.95 

64 

inches 

24. 

4.2 

1 


127.26 

0.98 

0.19 


0.43 

65 

175 

8. 

3.1 

1 

430 

39.22 

4.46 

7.41 

11.9 

17.4 

66 

sec.-ft. 

12. 

3.5 

1 

566 

60.38 

2.90 

2.44 

3.89 

5.64 

67 

or 

18. 

3.9 

1 

703 

93.02 

1.88 


1.29 

1.87 

68 


24. 

4.2 

1 

803 

127.26 

1.38 

0.38 


0.85 

69 

inches 

30. 

4.5 

1 

891 

165.38 

1.06 

0.20 

0.30 

0.43 

Hj 

250 

12. 

3.5 

1 

566 

60.38 

4.14 

4.97 

7.88 

11.5 

71 

sec.-ft. 

18. 

3.9 

1 

703 

93.02 

2.69 

1.68 

2.64 

3.82 

72 

or 

24. 

4.2 

1 

803 

127.26 

1.96 

0.77 

1.19 

1.72 

73 


30. 

4.5 

1 

891 

165.38 

1.51 

0.40 


0.89 

74 

inches 

36. 

4.8 

1 

972 

207.36 

1.21 

0.22 

0.35 

0.50 

75 

375 

18. 

3.9 

1 




3.76 

5.91 

8.56 

76 

sec.-ft. 

24. 

4.2 

1 

.803 

127.26 


1.73 

2.70 

3.89 

mSM 

or 

30. 

4.5 

1 

.891 

165.38 

2.27 

0.90 

1.40 

2.01 

78 

15,000 

36. 

4.8 

1 

.972 

207.36 

1.81 


0.78 

1.12 

79 

inches 

44. 

5.2 

2 


269.36 

1.39 



0.56 

ESI 

500 

22. 

4.1 

1 

.771 

115.42 

4.33 

3.91 

6.11 

8.83 

81 

sec.-ft. 

30. 

4.5 

11 

.891 

165.38 

msjm 

1.59 

2.48 

3.56 

82 

or 

36. 

4.8 

u 

.972 


2.41 

BSSl 

1.40 

2.00 

83 

20,000 

44. 

5.2 



269.36 

1.86 


0.72 

1.03 

84 

inches 

52. 

5.6 

2 

.164 

338.24 

1.48 



0.56 

85 

750 

30. 

4.5 


.891 

165.38 

4.54 

3.61 

5.61 


86 

sec.-ft. 

36. 

4.8 


.972 

207.36 

3.62 

2.04 

3.18 

4.55 

87 

or 

44. 

5.2 



269.36 

2.78 

1.05 

1.63 

2.33 

88 

30,000 

62. 

5.6 


.164 

338.24 

2.22 

0.59 

0.91 

1.29 

80 

inches 

60. 

6. 


.252 

\nrwm 

1.81 

0.34 

0.53 


m2} 
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OPEN TRAPEZOIDAL CHANNELS Pabt IV 


TABLE XXL— RUTTER’S FORMULA (Con.) 


Fob Open Trapezoidal Channels and 
Canals in Loose Earth 
The bank slopes are indicated in the figure. 
The dimensions given are bottom width and 
depth of water. 



i I 


Quantity 
or Vol. 

•s 

A 

A 

dj 

vr 

Area 

Mean 

Velocity 

Grade, 

per 

or Fall in Feet 
Milo when 


of the 
Flow. 

feet 

Q 

feet 

feet 

sq.ft. 

Fecit 
per Sec. 

n = .020 

7L = .025 

71 = .030 

6 

1250 

44. 

5.2 

2.072 

209.80 

4.64 

2.90 

4.58 

6.51 

91 

sec.-fi. 

52. 

5.0 

2.104 

338.24 

3.70 

1.07 

2 . 58 

3.65 

92 

or 

(iO. 

0. 

2.252 

414.00 

3.02 

0.99 

1.53 

2.16 

93 

SO.OOO 

70. 

0.5 

2.855 

518.38 

2.41 

0.54 

0.84 

1.20 

94 

inches 

80. 

7. 

2.454 

633.50 

1.97 

0.82 

0.49 

0.70 

95 

1750 

()0. 

0. 

2 7252 

414.00 

4.28 

l.9() 

3.03 

4.30 

96 

sec. -ft. 

70. 

0.5 

2.855 

518.38 

3.38 

1 . 10 

1 . 09 

2.39 

97 

or 

80. 

7. 

2.454 

633.50 

2.70 

1 0.05 

1.00 

1.42 

98 

70, 000 

90. 

7.5 

2.547 

759.38 

2 . 30 

0.39 

0.60 

0.86 

99 

inches 

100. 

8. 

2.637 

896.00 

1.95 

0.25 

0.38 

0.55 

100 
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TABLE XXII.— FOR EGG-SHAPED CONDUITS 

Giving the Area, the Value of r, and Its Square Root 
iBt, when one-third, 2d, when two-thirds, and 3d, when running full. 


When 

Running 


One-third 

Full 


Two-thirds 

Full 


Width Tl’ght Wet 
Area 

feet feet sq.ft. 


y/J Wot 
Area 
feet S(j.ft. 


Running 

Full 

vT W(‘t - 

Area 

feet sij.ft. f{‘et 
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EGG-SHAPED CONDUITS 


Part V 


TABLE XXIII.— EGG-SHAPED CONDUITS, 
WHEN RUNNING ONE-THIRD FULL 


Kutter's Formula 
When n equals .011. 

light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 








Square Root of Sine of Angle of Inclination. 


2 


Wet 

Area 

vr 

Figures in Parenthesis, Fall in Feet per Mile. 

d 



.01414 

.01741 

.02236 

.03162 

.04472 

.05464 


feet 


sq.ft. 

feet 

(1.0«) 

(1.60) 

(2.64) 

(5.28) 

(10.6) 

(15.8) 

1 

1 . 

1.5 

.284 

.455 

.65 

.18 

.79 

.83 

1.02 

0.89 

1.45 

0.41 

2.05 

0.68 

2.60 

0.71 

2 

1.33 

2. 

.505 

.525 

.80 

.41 

.98 

.60 

1.27 

0.64 

1.79 

0.91 

2.54 

1.88 

3.10 

1.67 

3 

1.67 

2.5 

.789 

.587 

.95 

.76 

1.16 

0.91 

1.50 

1.18 

2.12 

1.67 

2.99 

8.86 

3.66 

8.88 

4 

2. 

3. 

1.13G 

.643 

1.08 

1.83 

1.32 

1.60 

1.71 

1.94 

2.41 

8.74 

3.41 

3.87 

4.17 

4.78 

5 

2.33 

3.5 

1.546 

.694 

1.21 

1.86 

1.48 

8.88 

1.91 

8.96 

2.70 

4.17 

3.81 

6.90 

4.66 

7.80 

6 

2.07 

4. 

2.020 

.742 

l.s32 

8.67 

1.62 

8.86 

2.09 

4.88 

2.95 

6.97 

4.18 

8.44 

5.10 

10.81 

7 

3. 

4.5 

2.556 

.787 

1.44 

3.67 

1.76 

4.49 

2.27 

6.81 

3.21 

8.81 

4.54 

11.61 

5.55 

14.19 

8 

3.33 

5. 

3.156 

.830 

1.54 

4.87 

1.89 

6.96 

2.44 

7.70 

3.45 

10.89 

4.88 

16.40 

5.96 

18.81 

0 


6. 

4.544 

.909 

1.75 

2.14 

2.76 

3.91 

5.53 

6.75 

4. 

7.94 

9.78 

18.66 

17.76 

86.18 

80.69 

10 

4.67 

7. 

6.185 

.982 

1.94 

11.98 

2.37 

14.67 

3.06 

18.96 

4.33 

86.79 

6.13 

87.90 

7.49 

46.80 






.00707 

.00791 

.OlOOQ 

.01414 

.02236 

.03162 


feet 

feet 

sq.ft. 

feet 

(.264) 

(.33) 

(.528) 

(1.06) 

(2.64) 

(5.28) 

11 

5.33 

8. 




1.18 

9.66 


1 ^ 

3.35 

87.04 

4.73 

88.84 

12 

6. 

9. 

10.224 

1.113 

1.14 

11.69 

1.28 

18.07 

1.62 

16.68 


3.61 

86.96 

5.11 

68.86 

13 

6.67 


12.622 

1.174 

1.23 

16.46 

1.37 

17.89 

1.73 

81.87 

2.45 

80.94 

3.88 

48.91 

5.48 

69.17 

14 

7.33 

11. 

15.273 

1.231 

1.30 

19.89 

1.46 

88.84 

1.84 

88.18 


4.12 

68.91 

5.83 

88.97 

15 

8. 

12. 

18.176 

1.286 

1.38 

88.03 

1.54 

87.99 

1.95 

86.41 

2.76 

60.08 

4.36 

79.18 

6.16 

111.96 

16 

8.67 

13. 

21.332 

1.338 

1.45 

30.91 

1.62 

34.66 



4.58 

97.74 

6.48 

188.88 

17 

9.33 

14. 

24.739 

1.389 

1.52 

37.68 


2.15 

63.14 

3.04 

76.16 

4.80 

118.88 

6.79 

168.06 

18 


15. 


1.437 

1.59 

46.01 

1.77 

S 0 .S 6 

2.24 

68.67 

3.17 

90.06 

6.01 

148.87 

7.09 

801.86 

19 

11. 

16.5 

34.364 


1.68 

67.80 

1.88 

64.64 

2.38 

81.76 

3.36 

116.60 

5.32 

188.88 

7.52 

868.68 

20 

12. 

18. 

40.896 

1.575 

1.78 

78.67 

1.99 

81.86 

2.51 

108.77 

3.55 

146.34 

5.62 

889.80 

7.95 

886.00 
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TABLE XXIII.— EGG-SHAPED CONDUITS, 
WHEN RUNNING ONE-THIRD FULL (Con.) 

Kutter*8 Formula 

When n equals .013. 

Light type, the mean velocity in feet per second. 

Heavy type, the discharge in cubic feet per second. 



- ■*» Square Root of Sine of Anglo of Inclination, 

j- 'S Wet Figures in Parenthesis, Fall in Feet per Mile. 

.2 area ^ 

^ W 

6 .01741 .02230 .03162 .04472 .05464 .07071 

Z feet feet sq.ft, feet (1.60) (2.64) (5.28) (10.6) (15.8) (26.4) 


.284 .455 


.82 1.16 1.64 I 2.01 2.60 

.23 I 0.83 I 0.47 0.07 0.74 

' 2 . 5 ^ ' 

1.2 
























82 


EGG-SHAPED CONDUITS 


Part V 


TABLE XXIII.— EGG-SHAPED CONDUITS, 
WHEN RUNNING ONE-THIRD FULL (Con.) 

Kutter’s Formula f 

When n equals .015. 1 

\ ^ 

Light type, the mean velocity in feet per second. 

Heavy type, the discharge in cubic feet per second. \ 
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TABLE XXIV.— EGG-SHAPPED CONDUITS, 
WHEN RUNNING TWO-THIRDS FULL 

Kuttcr’s Formula 

When n ociiials .011. 

Lif^ht type, the mean velocity in foot per Berond. 

Heavy type, the disrharRe in eubi<* feet per B(‘cond. 







.* 

Sfiiiare 

Root of Sine of Angle 

of Inelination. 


2 

.Sf 

Wet 

Area 


Figures in Parenthesis 

Fall in 

Feet per Milt*. 


5 

w 













.01414 

.01741 

.02230 

.03102 

.04472 

.05404 


feet. 

feet. 

sq.ft. 

feet. 

(1.00) 

(1.00) 

(2.04) 

(5.28) 

(10.0) 

(15.8) 

1 

1 . 

1.5 

. 75(i 


.89 

1.09 

1.40 

1.98 

2.80 

3.43 

. 502 

.67 

0.82 

1.06 

1.60 

8.18 

2.69 

2 

1 . 33 

2 , 

1.344 

. 049 

1 .09 

1.47 

1.34 

1.80 

1.73 

2.32 

2.44 

3.29 

3.40 

4.66 

4.22 

6.67 

3 

1.07 

2 . 5 

2.009 

.725 

1.2S 

2.69 

1.57 

3.29 

2.03 

4.26 

2.87 

6.02 

4.05 

8.61 

4.95 

10.39 

4 

2. 

3. 

3.023 

.795 

1 .40 

4.40 

1.78 

6.38 

2.30 

6.96 

3.25 

9.84 

4 . 00 

13.91 

5.62 

17.00 

0 

2.33 

3.5 

4.115 

.858 

1.62 

6.65 

1.98 

8.13 

2.55 

10.61 

3.01 

14.86 

5.11 

21.02 

6.24 

26.67 

G 

2.67 

4. 

5.37f> 

.918 

1.77 

9.62 

2.17 

11.64 

2.80 

16.05 

3.90 

21.28 

5.60 

80.10 

6.84 

36.77 



4.5 

0.802 

.973 

1.91 

2.34 

3.03 

4.28 

6.05 

7.39 

/ 

o . 

13.01 

16.92 

20.68 

29.11 

41.16 

60.88 

S 

3.33 

5. 

8.398 

1.025 

2.05 

17.24 

2.51 

21.10 

3.25 

27.27 

4.59 

38.66 

6.40 

64.63 

7.93 

66.62 

G 

4. 

G. 

12.093 

1.124 

2.32 

28.00 

2.83 

34.26 

3.60 

44.26 

5.18 

62.61 

7.32 

88.63 

8.94 

108.16 

10 

1 

4. 67 

7. 

10.460 

1.214 

2.56 

42.16 

3.13 

61.69 

4.05 

66.66 

5.73 

94.27 

8.10 

138.81 

9.90 

162.87 



i 

1 


.00707 

.00791 

.01000 

.01414 

.02236 

.03162 


feet. 

1 feet. 

sq.ft. 1 

I feet. 

1 (.204) 

(.33) 

(.528) 

(1.06) 

(2.64) 

(5.28) 

1 

11 

1 

5.33 

8. 

21.50 

1.298 

1.39 

29.97 

1 . 50 

33.62 

1.97 

42.39 

1 2.79 

69.96 

1 4.41 

94.81 

6.2 

134.1 

12 

6. 

9. 

27.21 

1.37G 

1.50 

40.84 

1.68 

46.66 

2.12 

67.77 

3.00 

81.68 

4.75 

129.17 

6.7 

182.7 

13 

6.67 

10. 

33.59 

1.451 

1.60 

68.88 

1 . 7 o ! 

69.22 

1.79 

60.26 

2.27 

76.82 

3.21 

107.79 

5.07 

170.44 

7.2 

841.0 

14 

7.33 

11. 

40.65 

1.522 

1.90 

77.89 

2.41 

97.87 

3.41 

138.40 

5.39 

218.87 

7.6 

309.6 

15 

8. 

12. 

48.37 

1.589 

1.80| 

86.92 

2.01 

97.18 

2.54 

182.91 

3.59 

173.80 

5.68 

874.84 

8.0 

388.7 

16 

8.67 

13. 

50.77 

1.654 

1.89 

107.12 

2.11^ 

119.78 

2.67 

161.62 

3.77 

214.26 

5.97 

838.80 

8.4 

479.1 

17 

9.33 

14. 

65.84 

1.717 

1.98 

180.10 

2.21 

146.44 

2.79 

188.96 

3.95 

260.13 

6.25 

411.36 

8.8 

681.7 

18 

10 . 

15, 

75.58 

1.777 

2.06' 2.30 

166 . 70 : 174. 06 

2.91 

880.17 

4.12 

811.89 

6.51 

492.88 

9.2 

696.2 

19 

11. 

16.5 

91.45 

1.864 

2.18 

199.64 

2.44 

283.28 

3.09 

882.81 

4.37 

399.28 

6.90 

681.29 

9.8 

892.8 

20 

12 . 

18. 

108.84 

1.946 

2.30 

860.21 

2.57 

279.71 

3.25 

868.82 

4.60 

600.42 

7.27 

791.88 

10.3 

1118.9 
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TABLE XXIV.— EGG-SHAPED CONDUITS, 
WHEN RUNNING TWO-THIRDS FULL (Con.) 


Kutter’s Formula 

When n equals .013. 

Light type, the mean velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 





4^ 



Square Root of Sine of Ansle 

of Inclination. 


pd 


Wot 

vr 

Figures in Parenthesis, Fall in Feet per Mile. 



‘C 

Area 
















o 




.01741 

.02236 

.03162 

.04472 

.05464 

.07071 


foot 

foot 

sq.ft. 

foot 

(1.60) 

(2.64) 

(5.28) 

(10.6) 

(15.8) 

(26.4) 



1.5 

.756 

.562 

.88 

1.14 

1.61 

2.27 

2.78 

3.59 

1 

1. 

.67 

0.86 

1.22 

1.72 

2.10 

2.72 


1.33 

2. 


.049 

1.09 

1.41 

1.99 

2.82 

3.44 

4.46 

2 

1 . 344 

1.47 

1.89 

2.68 

8.79 

4.68 

6.99 

3 

1.67 

2.5 

2.099 

.725 

1.29 

1.66 

2.35 

3.32 

4.06 

5.25 

2.70 

3.48 

4.93 

6.97 

8.61 

11.02 



3. 

3.023 

.795 

1.46 

1.89 

2.68 

3.78 

4.62 

5.98 

4 

2. 

4.43 

6.72 

8.09 

11.44 

18.97 

18.08 


2.33 


4.115 

.858 

1.63 

2.11 

2.98 

4.21 

5.14 

6.66 

5 

3 . 5 

6.70 

8.66 

12.26 

17.82 

21.16 

27.89 

6 

2.67 

4. 

5.375 

.918 

1.79 

2.31 

3.27 

4.63 

5.66 

7.32 

9.63 

12.44 

17.69 

24.88 

80.40 

89.88 


3. 


0.802 

.973 

1.94 

2.51 

3.55 

5.01 

6.13 

7.93 

7 

4.5 

18.20 

17.06 

24.11 

84.10 

41.66 

68.92 

8 

3.33 

5. 

8.398 

1.025 

2.09 

17.63 

2.70 

22.66 

3.81 

82.08 

5.39 

46.29 

6.59 

66.88 

8.53 

71.62 

9 

4. 

6. 

12.093 

1.124 

2.. 36 

28.64 

3.05 

86.88 

4.31 

62.16 

6.10 

78.77 

7.45 

90.12 

9.65 

116.64 

10 

4.67 

7. 

16.460 

1.214 

2.61 

43.03 

3.38 

66.62 

4.78 

78.66 

6.76 

111.22 

8.26 

186.88 

10.68 

176.86 






l!l!i!i| 

.01000 

.01414 

ini 

lilil 



foot 

foot 

sq.ft. 

feet 

(.33) 

(.528) 

(1.06) 

(2.64) 

(5.28) 


11 

5.33 

8. 

21 . 50 

1.298 

1.30 

28.08 

1.65 

36.47 

2.33 

60.16 

3.69 

79.88 

5.22 

112.18 

7.4 

168.6 

12 

6. 

9. 

27.21 

1.376 

1.41 

88.28 

1.78 

48.43 

2.52 

68.49 

3.98 

108.80 

5.63 

168.17 


13 

6.67 

10. 

33.59 

1.451 

1.51 

60.66 

1.91 

64.06 


4.26 

148.28 


8.5 

286.8 

14 

7.33 

11. 

40.65 

1.522 

l.fM) 

66.16 


2.87 

; 116.68 

4.53 

184.24 

6.41 

260.68 

9.1 

868.4 

15 

8. 

12. 

48.37 



2.14 

103.66 


4.79 

281.66 

6.77 

827.47 

9.6 

468.2 

16 

8.67 

13. 

56.77 

1.654 

1.78 

101.06 

2.25 

127.79 

3.18 

180.70 


7.12 

404.08 

10.1 

671.6 

17 

9.33 

14. 

65.84 

1.717 

1.87 

122.86 

2.36 

166.88 

3.34 

1219.77 

5.28 

847.48 

7.46 

491.86 

10.6 

694.9 

18 

10. 

15. 

75.58 

1.777 

1.95 

147.16 

2.46 

186.16 

3.48 

268.26 

5.51 

416.80 

7.79 

688.69 

n 

19 

11. 

16.5 

91.45 

1.864 

ML&iii 

IFTlTt'!" 

2.61 

289.06 

■Laiu 

5.85 

684.64 

8.27 

766.94 

11.7 

1069.1 

20 

12. 

18. 

108.84 

1.946 

2.18 

287.26 

2.76 

800.06 

3.90 

424.86 

6.17 

670.97 

8.72 

948.82 

12.3 

1841.9 
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TABLE XXIV.— EGG-SHAPED CONDUITS, 
WHEN RUNNING TWO-THIRDS FULL (Con.) 


Kutter’s Formula 

When n equals .015. 

Light type, the mean velocity in feet per second. 
Heavy type* the discharge in cubic feet per second. 





** 



Square Hoot of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


5 

-0 

% 

Qi 

X 

Wet 

Area 

vr 

d 



.02230 

.03162 

.04472 

.05464 

.07071 

.10000 


feet 

feet 

sq.ft. 

feel 

(2.64) 

(5.28) 

(!().(>) 

(15.8) 

(26.4) 

(52.8) 

1 

1. 

1.5 

. 750 

. 562 

.95 

.72 


■HTI 


3.00 

2.27 

4.24 

3.21 

2 

1.33 

2. 

1 . .344 

.649 

1.18 

1.69 


KmlI 


3.74 

6.02 

5.28 

7.10 

3 

1.67 

2.5 

2.099 

.725 

1.40 

2.93 

1.98 

4.16 

2.79 

6.86 

3.41 

7.16 

4.42 

9.87 

6.25 

13.11 

4 

2. 

3. 

3.023 

.795 

1.60 

4.83 

2.20 

6.83 

3.19 

9.66 

3.90 

11.80 

5.05 

16.27 

7.14 

21.69 

5 

2.33 

3.5 

4.115 

.858 

1.78 

7.33 

2.52 

10.87 

3.56 

14.67 

4.35 

17.92 

5.64 

28.19 

7.97 

82.79 

6 

2.67 

4. 

5.375 

.918 

1.96 

10.66 

2.78 

14.93 

3.93 

21.11 

4.80 

26.79 

6.21 

88.88 

8.78 

47.20 

7 

3. 

4.5 

6.802 

.973 

2.13 

14.60 

3.02 

20.61 

4.26 

29.00 

5.21 

86.43 

6.74 

46.86 

9.53 

64.84 

8 

3.33 

5. 

8.398 

1.025 

2.30 

19.28 

3.25 

27.28 

4 . 59 

38.67 

5.61 

47.12 

7.26 

• 0.99 

10.27 

86.26 

9 

4. 

6. 

12.093 

1.124 

2.61 

81.60 

3.68 

44.66 

5.21 

63.01 

6.37 

76.97 

8.24 

99.62 

11.65 

140.88 

10 

4.67 

7. 

16.460 

1.214 

2.89 

47.64 

4.09 

67.86 

5.79 

96.26 

7.07 

116.87 

9.15 

160.61 

12.94 

212.99 






.01000 

.01414 

.02236 

.03162 

.04472 

.07071 


feet 

feet 

sq.ft. 

feet 

(.528) 

(1.06) 

(2.64) 

(5.28) 

(10.6) 

(26.4) 

11 

5.33 

8. 

21.50 

1.298 

1.42 

30.46 

2.00 

43.08 

3.17 

68.18 

4.48 

96.88 

6.3 

186.2 

10.0 

216.4 

12 

6. 

9. 

27.21 

1.376 

1.53 

41.66 

2.17 

68.91 

3.42 

98.14 

4.84 

181.72 

6.8 

186.8 

10.8 

294.6 

13 

6.67 

10. 

33.59 

1.451 

1.64 

66.16 

2.32 

78.00 

3.67 

128.36 

5.19 

174.40 

7.3 

246.7 

11.6 

390.0 

14 

7.33 

11. 

40.65 

1.522 

1.75 

71.06 

2.47 

100.47 

3.91 

168.88 

5.53 

224.69 

7.8 

817.7 

12.4 

602.4 

15 

8. 

12. 

48.37 

1.589 

1.85 

89.44 

2.62 

126.49 


5.85 

282.88 

8.3 

400.0 

13.1 

682.4 

16 

8.67 

13. 

56.77 

1.654 

1.95 

110.47 

2.75 

166.28 

4.35 

247.00 

6.15 

349.86 

8.7 

494.1 

13.8 

781.1 

17 

9.33 

14. 

65.84 

1.717 

2.04 

184.44 


4.57 

300.62 

6.46 

426.12 

9.1 

601.2 

14.4 

960.6 

18 

10. 

15. 

75.58 

1.777 

2.13 

161.21 


4.77 

860.62 

6.75 

609.79 

9.5 

721.0 

15.1 

1189.0 

19 

11. 

16.5 

91.45 

1.864 

2.27 

207.41 

3.21 

298.29 

5.07 

463.76 

7.17 

666.89 


16.0 

1466.6 

20 

12. 

18. 

108.84 

1.946 

2.39 

260.66 

3.39 

868.62 

5.35 

682.69 

7.57 

828.99 


16.0 

1842.4 
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TABLE XXV.— EGG-SHAPED CONDUITS, 
WHEN RUNNINCl FULL 


Kutter*s Formula 

When n equals .011. 

Light typo, the moan velocity in feet per second. 
Heavy type, the discharge in cubic feet per second. 








iScjuarc 

Hoot of Sine of Angle of Inclination. 


jd 




Figure.s in Parenthesis, Fall in 

F(‘et per Mile. 


'O 


Area 

V r 

















d 




.01414 

.01741 

. 02236 

.031t)2 

. 04472 

.05464 

5?; 

feet 

feet 


fe<^t 

(1 .01)) 

(1.60) 

(2.04) 

(5.28) 

(10.6) 

(15.8) 

1 

1. 


1 . 14S 

. 538 

.83 

1.02 

1 .32 

1.86 

2.63 

3.21 

J.T) 

.96 

1.17 

1.61 

2.13 

3.02 

3.69 

2 

1.33 

2. 

2.042 

.622 

1.03 

2.10 

1.26 

2.67 

1.63 

3.32 

2.30 

4.70 

3.25 

6.64 

3.97 

8.11 

3 

1.G7 

2.. 5 

3. 190 

. 695 

1.21 

1 .47 

1.91 

2.69 

3.81 

4.66 

3.84 

4.70 

6.08 

8.69 

12.16 

14.86 


2. 

3. 

4.594 

.761 

1.37 

1 . 68 

2.17 

3.06 

4.33 

5.29 

4 

6.29 

7.70 

9.96 

14.06 

19.89 

24.30 

5 

2,33 

3.5 

6.253 

.822 

1 .52 

9.62 

1.86 

11.66 

2.41 

16.06 

3.41 

21.30 

4.82 

30.11 

5.88 

36.79 











m 

6 

2.07 


8.167 

.879 

1.67 

2.04 

2.64 

3.73 

5.28 

6.45 

4. 

13.63 

16.68 

21.66 

30.48 

43.10 

62.66 


3. 


10.337 

.932 

1.81 

2.21 

2.86 

4.04 

5.71 

6.98 

7 

4.5 

18.67 

22.86 

29.61 

41.74 

69.04 

72.12 


3.33 


12.761 

.9S3 

1.94 

2.37 

3.07 

4.34 

6.13 

7.49 

8 

5. 

24.74 

30.27 

39.13 

66.33 

78.24 

96.69 

9 


0. 

IS. 376 

1 . 076 

2.19 

2.68 

3.46 

4.89 

6.92 

8.45 

4 . 

40.21 

49.19 

63.66 

89.90 

127.13 

166.31 

10 

4.07 



1.163 

2.42 

2.96 

3.82 

5.41 

7.65 

9.34 

7. 

2.> . 012 

60.48 

74.01 

96.66 

136.27 

191.27 

233.69 






.00707' 

1.00791 

.01000 

.01414 

.02236 

.03162 


feet 

feet 

sq.ft. 

fe(*t 

(.204) 

1 (.33) 

( .520) 

(1.06) 

(2.64) 

(5.28) 

11 

5.33 

8. 

32.67* 

1.243 

1.321 

43.09 

1.47 

48.16 

1.87 

60.93 

2.64 

86.16 

4.2 

136.2 

5.9 

192.7 

12 

6 . 


41.35 

1.318 

1.42 

1.59 

2.01 

2.84 

4.5 

6.4 

9. 

08.76 

66.70 

83.11 

117.66 

186.9 

262.8 

13 

6.67 

10. 

51.05 

1 . 390 

1.52 

77.69 

1.70 

86.78 

2.15 

109.76 

3.04 

166.23 

4.8 

246.4 

6.8 

347.1 

14 

7.33 

11. 

61.76 

1.458 

1.61 

99.62 

1.80 

111.36 

2.28 

140.88 

3.23 

199.26 

5.1 

316.1 

7.2 

446.6 

15 

8. 

12. 

73.50 

1.522 

1.70 

126.18 

1.90 

139.96 

2.41 

177.00 

3.41 

260.28 

5.4 

396.8 

7.6 

669.7 

16 

8.67 

13. 

86.27 

1.585 

1.79 

164.60 

2.00 

172.79 

2.53 

218.61 

3.58 

309.01 

5.7 

488.6 

8.0 

691.0 

17 

9.33 

14. 

100.05 

1.644 

1.87 

187.39 

2.09 

209.60 

2.65 

266.02 

2.75 

374.77 

5.9 

692.6 

8.4 

838.1 

18 

10. 

15. 

114.85 

1.702 

1.96 

224.64 

2.19 

261.07 

2.77 

317.67 

3.91 

449.08 

6.2 

710.1 

8.7 

1004.3 

19 

11. 

16.5 

138.97 

1.785 

2.07 

287.81 

2.32 

321.86 

2.93 

407.04 

4.14 

676.61 

6.6 

910.2 

9.3 

1287.1 

20 

12 . 

18. 

165.38 

1.865 

2.18 

361.03 

2.44 

403.70 

3.09 

610.64 

4.37 

722.07 

6.9 

1141.6 

9.8 

1614.6 
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TABLE XXV.— EGG-SHAPED CONDUITS, 
WHEN RUNNING FULL (Con.) 

Kutter’s Formula / 

When 71 e(]imLs .013. 

Light type, the mean velocity in f<*et per serond. \ 

Heavy type, the clisfharge in euhie feet per si'eond. 



Stjiian* Hoot of Sine of Angle of Inelination. 
Figure's in Pan‘nth(’si«, I’all in Fee't per Alile. 


.017411.02230 .03102 .04472 .034041.07071 
feet sq.ft. fee-t (1 . 00) ; (2 . 04) (3 . 2S) ! (10. 0) (13.8)1(20.4) 


r| .S7i. 
r; .9 :j 2 i’- 
ll .9S3 26! 
iVoTO 

gf;; 


.32 1. 

.70 3. 

.30 2. 

.97 7. 

.78 2. 

.16 11. 


.64: 16.32 
.80i 3.90 

.63 24.79 


.1S| 3. 

79 I 26. 

.30 I 3. 

41 i 34. 

.341 3. 

.44 i 46. 

. 88 ; 4 . 

.92 i 74. 

.19 4 . 


3.23 4.19 

6.60 8.66 

3.81 4.93 

12.16 16.73 
4.34 3.62 

19.93 26.80 
4.84 6.27 

30.28 39.19 


1.30 3. 

L68 43. 

L72 3. 

1.82 69 

).09 0, 

k .89 79 
).70 7, 

».86 129 
).38 7. 

1.63 196. 


32 6 89 

47 66.26 

77 7.47 

64 77 19 
21 8.04 

27 102.60 
04 9.11 

31 167.36 
80 10.09 
021262.37 


.00791 OKMM) .01414 .02230! .03162 .04472 
(.33) ’ (-328) (1.00) (2.04)i (3.28) (10.6) 


67 13. 

33 14. 



1.23i 1. 

40.26! 60. 

318 ^ 

66 03 69. 

S«)0 1 1 

.3JU 72 79: 92. 
1 •'>2 1. 

93.63 118. 

"’-^ 117.83 148. 

-a..' 1.09 2. 

146.63 184. 

175; 68 223! 

211.90 268. 
70. 1.96 2. 

272.10 334. 
2.07 2. 

341.86 432. 


>.20! 3.48 

L.97 113.82 

J.38; 3.70 

1.40 166.69 

2.35: 4.03 

> 22 206.92, 

>.7li 4.29 

r. 44:264. 78 

>.87| 4.33 

> 74 333.19 


161.0 227.6 

3.3 7.5 

220.0 311.2 

5.7 8.1 

291.2 411.8 
6.1 8.6 
374.4 629.6 


471.2. 666.8 


.77 6. 

.66 682. 

.00 7. 

.73 706. 
.22 7. 

.42 847 
.54| 7. 

.76.1088. 
.851 8. 

.671867. 


7 9.5 

1 823.2 
1 10.0 

8 999.6 

4 10.4 

7 1198.8 
8 ! 11.1 
0;i689.4 
3i 11.7 
i;i988.8 
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TABLE XXV.— EGG-SHAPED CONDUITS, 
WHEN RUNNING FULL (Con.) 

Kutter's Formula ^ 

When n equals .015. F£ 

Light type, the mean velocity in feet per second. 

Heavy type, the discharge in cubic feet per second. ^ 


Square Root of Sine of Angle of Inclination. 
Figures in Parenthesis, Fall in Feet per Mile. 


.02236 .03162 .04472 .05464 .07071 .10000 
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TABLE XXVI.— GRADUATED VALUES FOR HYDRAU- 
LIC RADIUS (r) AND ITS SQUARE ROOT, Vr 


r feet 

vT" feet 



r feet 


r feet 

Vr" feet 


.07071 

.115 

.3391 

.380 

.6164 

.645 

.8031 


.07746 

.120 

.3464 

.385 

.6205 

.650 

.8062 


.08367 

.125 

.3536 

.390 

.6245 

.655 

.8093 


.08944 

.130 

.3606 

.395 

.6285 


.8124 


.09487 

.135 

.3674 

.400 

.6325 


.8155 


.10000 

.140 

.3742 

.405 

.6364 

.670 

.8185 

.012 

. 10955 

.145 

.3808 

.410 

.6403 

.675 

.8216 

HfiTFS 

.11832 

.150 

.3873 

.415 

.6442 

It.I.liM 

.8246 

.016 

. 12649 

.155 

.3937 

.420 

.6481 

.685 

.8276 


.13416 

.160 

.4000 

.425 

.6519 

.690 

.8307 


.14142 

.165 

.4062 

.430 

.6557 

.695 

.8337 

.022 

. 14832 

.170 

.4123 

.435 

.6595 

.700 

.8367 


. 15492 

.175 

.4183 

.440 

.6633 

.705 

.8396 

.026 

.16125 

.180 

.4243 

.445 

.6671 

.710 

.8426 

.028 

. 16733 

.185 

.4301 

.450 

.6708 

.715 

.8456 

MBkom 

. 17321 

.190 

.4359 

.455 

.6745 

.720 

.8485 

.032 

. 17889 

.195 

.4416 

.460 

.6782 

.725 

.8515 

.034 

. 18439 

.200 

.4472 

.465 

.6819 

.730 

.8544 

■Omh 

. 18974 

.205 

.4528 

.470 

.6856 

.735 

.8573 

.038 

. 19494 

.210 

.4583 

.475 

.6892 

.740 

.8602 

.040 

.20000 

.215 

.4637 

.480 

.6928 

.745 

.8631 

.042 


.220 

.4690 

.485 

.6964 

.750 

.8660 

.044 


.225 

.4743 

.490 

.7000 

.755 

.8689 


.21448 

.230 

.4796 

.495 

.7036 

.760 

.8718 



.235 

.4848 

.600 

.7071 

.765 

.8746 


.22361 

.240 


.505 

.7106 

.770 

.8775 

.052 

.22804 

.245 

He 

.510 

.7141 

.775 

.8803 

.054 


,250 

He ^sh 

.515 

.7176 

.780 

.8832 



.255 

HE 

.520 

.7211 

.785 

.8860 



.260 


.525 

.7246 


.8888 


.24495 

.265 

.5148 

.530 

.7280 

.795 

.8016 



.270 

.5196 

.535 

.7314 


.8944 


.25298 

.275 

.5244 

.540 

.7348 

.805 

.8972 

.066 

.25691 

.280 

.5292 

.545 

.7382 


.9000 

.068 


.285 

.5339 

.550 

.7416 

.815 

.9028 


.26458 

.290 

. 5.385 

.555 

.7450 

.820 

.9055 


.26833 

.295 

.5431 

.660 

.7483 

.825 

.9083 




,5477 

.665 

.7517 

.830 

.9110 


.27568 

.305 

■liiiJ l.MI 

.570 

.7550 

.835 

.9138 

HE 


.310 

.5568 

.676 

.7583 


.9165 


.28284 

.315 

HEriffHI 

.580 

.7616 

1 .845 

.9192 

.082 

. 28636 

.320 

.5657 

.585 

.7649 

.850 

.9220 

.084 

.28983 

.325 

.5701 

.590 

.7681 

1 .855 

.9247 

.086 

.29326 

.330 

.5745 

.695 

.7714 

! .860 

.0274 


.29665 

.335 

.6788 

.600 

.7746 

.866 

.0301 



.340 

.5831 

.605 

.7778 

kUiH 

.9327 


.30332 

.345 

.5874 

.610 

.7810 

.875 

.9354 


.30659 

.350 

.5916 

.615 

.7842 


.0381 

BliTuifl 

.30984 

.355 

.5958 

.620 

.7874 

.885 

.9407 


.31305 

.360 

.6000 

.625 

.7906 


.9434 

.100 

.31623 

.365 

.6042 

.630 

.7937 

.895 

.9460 

.105 

.32404 

.370 

.6083 

.635 

.7969 


.9487 

.110 

.33166 

.376 

.6124 

.640 

.8000 


.9513 
















90 • *, VALUES FOR HYDRAULIC RADIUS Part V 

TABLE XXVI.— GRADUATED VALUES FOR HYDRAU- 
LIC RADIUS (r) AND ITS SQUARE ROOT, Vr {Con.) 


r feet feet | r feet 'v/jT feet 

.910 .9539 1.35 1.1619 

.915 .9566 1.36 1.1662 

.920 .9592 1.37 1.1705 

.925 .9618 1.38 1.1747 

.930 .9644 1.39 1.1790 

.935 .9670 1.40 1.1832 

.940 .9695 1.41 1.1874 

.945 .9721 1.42 1.1916 

.950 .9747 1.43 1.1958 

.955 .9772 1.44 1.2000 

.960 .9798 1.45 1.2042 

.965 .9823 1.46 1.2083 

.970 .9849 1.47 1.2124 

.975 .9874 1.48 1.2166 

.980 .9899 1.49 1.2207 

.985 .9925 1.50 1.2247 

.990 .9950 1.51 1.2288 

.995 .9975 1.52 1.2329 

1.00 1.0000 1.53 1.2370 

1.01 1.0050 1.54 1.2410 

1.02 1.0100 1.55 1.2450 

1.03 1.0149 1.56 1.2490 

1.04 1.0198 1.57 1.2530 

1.05 1.0247 1.58 1.2570 

1.06 1.0296 1.59 1.2610 

1.07 1.0344 1.60 1.2649 

1.08 1.0392 1.61 1.2689 

1.09 1.0440 1.62 1.2728 

1.10 1.0488 1.63 1.2767 

1.11 1.0536 1.64 1.2806 

1.12 1.0583 1.65 1.2845 

1.13 1.0630 1.66 1.2884 

1.14 1.0677 1.67 1.2923 

1.15 1.0724 1.68 1.2962 

1.16 1.0770 1.69 1.3000 

1.17 1.0817 1.70 1.3038 

1.18 1.0863 1.71 1.3077 

1.19 1.0909 1.72 1.3115 

1.20 1.0955 1.73 1.3153 

1.21 1.1000 1.74 1.3191 

1.22 1.1045 1.75 1,3229 

1.23 1.1091 1.76 1.3267 

1.24 1.1136 1.77 1.3304 

1.25 1.1180 1.78 1.3342 

1.26 1.1225 1.79 1.3379 

1.27 1.1269 1.80 1.3416 

1.28 1.1314 1.81 1.3454 

1.29 1.1358 1.82 1.3491 

1.30 1.1402 1.83 1.3528 

1.31 1.1446 1.84 1.3565 

1.32 1.1489 1.85 1.3602 

1.33 1.1533 1.86 1.3638 

1.34 1.1576 1.87 1.3675 


r feet feet r feet feet 

1.88 1.3711 2.41 1.5524 

1.89 1.3748 2.42 1.5556 

1.90 1..3784 2.43 1.5589 

1.91 1.3820 2.44 1.5621 

1.92 J.3856 2.45 1.5653 

1.93 1.3892 2.46 1.5684 

1.94 1.3928 2.47 1.5716 i 

1.95 1.3964 2.48 1.5748: 

1.96 1.4000 2.49 4.5780 

1.97 1.4036 2.50 1.5811 

1.98 1.4071 2.52 1.5875 

1.99 1.4107 2.54 1.5937) 

2.00 1.4142 2.56 1.6000 

2.01 1.4177 2.58 1.6062 

2.02 1.4213 I 2.60 1.6125 

2.03 1.4248 2.62 1.6186 

2.04 1.4283 2.64 1.6248 

2.05 1.4318 2.66 1.6310 

2.06 1.4353 2.68 1.6371 

2.07 1.4388 2.70 1.6432 

2.08 1.4422 2.72 1.6492 

2.09 1.4457 2.74 1.6553 

2.10 1.4491 2.76 1.6613 

2.11 1.4526 2.78 1.6673 

2.12 1.4560 2.80 1.6733 

2.13 1.4595 2.82 1.6793 

2.14 1.4629 2.84 1.6852 

2.15 1.4663 2.86 1.6912 

2.16 1.4697 2.88 1.6971 

2.17 1.4731 2.90 1.7029 

2.18 1.4765 2.92 1.7088 

2.19 1.4799 2.94 1.7146 

2.20 1.4832 2.96 1.7205 

2.21 1.4866 2.98 1.7263 

2.22 1.4900 3.00 1.7321 

2.23 1.4933 3.02 1.7378 

2.24 1.4967 3.04 1.7436 

2.25 1.5000 3.06 1.7493 

2.26 1.5033 3.08 1.7550 

2.27 1.5067 3.10 1.7607 

2.28 1.5100 3.12 1.7664 

2.29 1.5133 3.14 1.7720 

2.30 1.5166 3.16 1.7776 

2.31 1.5199 3.18 1.7833 

2.32 1.5232 3.20 1.7889 

2.33 1.5264 3.22 1.7944 

2.34 1.5297 3.24 1.8000 

2.35 1.5330 3.26 1.8056 

2.36 1.5362 3.28 1.8111 

2.37 1.5395 3.30 1.8166 

2.38 1.5427 3.32 1.8221 

2.39 1.5460 3.34 1.8276 

! 2.40 1.5492 3.36 1.8330 
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TABLE XXVI.— GRADUATED VALUES FOR HYDRAU- 
LIC RADIUS (r) AND ITS SQUARE ROOT, Vr (Con.) 


r feet 

Vr feet 

3.38 

1 . 8385 

3.40 

1.8439 

3.42 

1.8493 

3.44 

1.8547 

3.46 

1.8601 

3.48 

1.8655 


1.8708 

3.52 

1.8762 

3.54 

1.8815 

3.56 

1.8868 

3.58 

1.8921 

3.60 

1 . 8974 

3.62 

1.9026 

3.64 

1.9079 

3.66 

1.9131 

3.68 

1.9183 

3.70 

1.9235 

3.72 

1.9287 

3.74 

1.9339 

3.76 

1.9391 

3.78 

1.9442 

3.80 

1.9494 

3.82 

1.9545 

3.84 

1.9596 

3.86 

1.9647 

3.88 

1.9698 

3.90 

1.9748 

3.92 

1.9799 

3.94 

1.9849 

3.96 

1.9900 

3.98 

1.9950 


2.0000 

4.02 

2.0050 


2.0100 


2.0149 

4.08 

2.0199 

4.10 

2.0249 

4.12 

2.0298 

4.14 

2.0347 

4.16 

2.0396 

4.18 

2.0445 

4.20 

2.0494 

4.22 

2.0543 

4.24 

2.0591 

4.26 



r foot 

vr feet 

4.28 

2.0688 

4.30 

2.0736 

4.32 

2.0785 

4.34 

2.0833 

4.36 

2.0881 

4.38 

2.0928 

4.40 

2.0976 

4.42 

2.1024 

4.44 

2.1071 

4.46 

2.1119 

4.48 

2.1166 

4.50 

2.1213 

4.52 

2.1260 

4.54 

2.1307 

4.56 

2.1354 

4.. 58 

2.1401 

4.60 

2.1448 

4.62 

2.1494 

4.64 

2.1541 

4.66 

2.1587 

4.68 

2.1633 

4.70 

2.1680 

4.72 

2.1726 

4.74 

2.1772 

4.76 

2.1817 

4.78 

2.1863 

4.80 

2.1909 

4.82 

2.1955 

4.84 

2.2000 

4.86 

2.2045 

4.88 

2.2091 

4.90 

2.2136 

4.92 

2.2181 

4.94 

2.2226 

4.96 

2.2271 

4.98 

2.2316 

5.00 

2.2361 

5.05 

2.2472 

5.10 

2.2583 

5.15 

2.2694 

5.20 

2.2804 

5.25 i 

2.2913 

5.30 

2.3022 

5.35 

2.3130 




r feet 

vr feet 

5.45 

2.3345 

5.50 

2.3452 

5.55 

2.3558 

5.60 

2.3664 

5.65 

2.3770 

5.70 

2.3875 

1 5.75 

2.3979 

! 5.80 

2.40S3 

1 5.85 

2.4187 , 

5.90 

2.4290 

5.95 

2.4393 

6.00 

2.4495 

; 6.05 

2.4597 

i 6.10 

2.4698 

. 6.15 

2.4799 

’ 6.20 

2.4900 

' 6.25 

2.5000 

6.30 

2.5100 

6.35 

2.5199 

6.40 

2.5298 

6.45 

2.5397 

6.50 

2.5495 

6.55 

2.5593 

6.60 

2.5691 

6.65 

2.5788 

6.70 

2.5884 

6.75 

2.5981 

6.80 

2.6077 

6.85 

2.6173 

6.90 

2.6268 

6.95 

2.6363 

7.00 

2.6458 

7.05 

2.6552 

7.10 

2.6646 

7.15 

2.6740 

7.20 

2.6833 

7.25 

2.6926 

7.30 

2.7019 

7.35 

2.7111 

7.40 

2.7203 

7.45 

2.7295 

7.50 

2.7386 

7.55 

2.7477 

7.60 

2.7568 

7.65 

2.7659 

7.70 

2.7749 


r f(M*t 

vr feet 

7.75 

2.7839 

7.80 

2.7929 

7.85 

2.8018 

7.90 

2.8107 

7.95 

2.8196 

8.00 

2.8284 

8.05 

2.8373 

8. 10 

2.8461 

8. 15 

2.8548 

8.20 

2.8636 

8.25 

2.8723 

8.30 

2.8810 

8.35 

2.8896 

8.40 

2.8983 

8.45 

2.9069 

8.50 

2.9155 

8.55 

2.9240 

8.60 

2.9326 

8.65 

2.9411 

8.70 

2.9496 

8.75 

2.9580 

8.80 

2.9665 

8.85 

2.9749 

8.90 

2.9833 

8.95 

2.9917 

9.00 

3.0000 

9.05 

3.0083 

9.10 

3.0166 

9.15 

3.0249 

, 9.20 

3.0332 

9.25 

3.0414 

9.30 

3.0496 

9.35 

3.0578 

9.40 

3.0659 

9.45 

3.0741 

9.50 

3.0822 

9.55 

3.0903 

9.60 

3.0984 

9.65 

3.1064 

9.70 

3.1145 

9.75 

3.1225 

9.80 

3.1305 

9.85 

3.1385 

9.90 

3.1464 

9.95 

3.1544 

10.00 

3.1623 
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GRADE OR SLOPE VALUES 


Pabt V 


TABLE XXVII.— ELEMENTS OF SLOPE 


Giving the ratio of the head to the distance, the sine of the angle of 
inclination, or the value of <, and its square root, the fall in feet per mile, 
and the fall in 100 feet or the per cent of grade. 


Slope 1 in 

Sine of 
slope-angle 

vT 

Fall in Feet 
per Mile. 

Fall in 100 ft. 
or % of Grade. 

4 

.25 

.5 

1320. 

{■KSjfiimi 

6 

.2 

.447214 

1056. 


a 

. 1CG66667 

.408248 

880. 


7 

. 14285714 

.377978 

754.3 


8 

.125 

.353553 

660. 

12.5 

. 9 

.11111111 

.333333 

586.7 * 

11.11 

10 

.1 

.316228 

528. 

10. 

11 

.09090909 

.301511 

480. 

9.09 

12 

.08333333 

.288675 

440. 

8.33 

13 

.07692308 

.277350 

406.2 

7.69 

14 

.07142857 

.267261 

377.1 

7.14 

15 

.00666667 

.258199 

352. 

6.67 

16 

.0625 

.25 

330. 

6.25 

17 

.05882353 

.242536 

310.6 

5.88 

18 

.05555555 

.235702 

293.2 

5.56 

10 

.05263158 

.229416 

277.9 

5.26 

20 

.05 

.223607 

264. 

5. 

21 

.04761905 

.218218 

251.4 

4.76 

22 

.04545454 

.2132 

240. 

4.55 

23 

.04347826 

.208514 

229.6 

4.35 

24 

.04166667 

.204124 

220. 

4.17 

25 

.04 

.2 

211.2 

4. 

26 

.03846154 

.196116 

203.1 

3.85 

27 

.03703704 

. 192450 

195.6 

3.70 

28 

.03571429 

. 188982 

188.6 

3.57 

29 

.03445276 

. 185695 

182.1 

3.45 

30 

.03333333 

.182574 

176. 

3.33 

32 

.03125 

. 176777 

165. 

3.13 

34 

.02941177 

. 171499 

155.3 

2.94 

36 

.02777778 

. 166667 

146.7 

2.78 

38 

.02631579 

. 162221 

138.9 

2.63 

40 

.025 

.158114 

132. 

2.5 

42 

.02380952 

.154303 

125.7 

2.38 

44 

.02272727 

. 150756 

120. 

2.27 

46 

.02173913 

. 147444 

114.8 

2.17 

48 

.02083333 

.144337 

110. 

2.08 

50 

.02 

. 141421 

105.6 

2. 

52 

.01923077 

.138676 

101.5 

1.92 

54 

.01851852 

.136085 

97.78 

1.85 

56 

.01785014 

. 133630 

94.29 

1.79 

58 

.01724138 

.131305 

91.03 

1.72 

60 

.01666667 

.129100 

88. 

1.67 

62 

.01612903 

,127000 

85.16 

1.61 

64 

.015625 

.125 

82.50 

1.56 

66 

.01515152 

.123091 

SO. 

1.52 

68 

.01470588 

.121286 

77.65 

1.47 

70 

.01428571 

.119524 

75.43 

1.43 

72 

.01388889 

.117851 

73.33 

1.39 

74 

.01351351 

.116248 

71.35 

1.35 

76 

.01315790 

.114708 

69.47 

1.32 
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GRADE OR SLOPE VALUES 
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TABLE XXVII.— ELEMENTS OF SLOPE (Con.) 


Giving the ratio of the head to the distance, the sine of the angle of 
inclination, or the value of and its square root, the fall in feet per mile, 
and the fall in 100 feet or the per cent of grade. 


Slope 1 in 

Sine of Slope- 
angle 


Fall in Feet 
per Mile. 

FbU in 100 ft. 
or % of Grade. 

78 

.01282051 

.113228 

67.60 

1.282 

80 

.0125 

.111803 

66. 

1.250 

82 

.01210512 

.110431 

64.39 

1.220 

84 

.01190476 

. 109109 

62.80 

1.190 

86 

.01162791 

. 107833 

61.40 

1.163 

88 

.01136364 

.106600 

00. 

1.140 

go 

.01111111 

. 105409 

58.66 

1.111 

02 

.01086957 

. 104257 

57.39 

1.090 

04 

.01063830 

.103142 

56.17 

1.064 

06 

.01041667 

. 102062 

55. 

1.042 

08 

.01020408 

.101015 

53.88 

1.020 

100 

.01 

.1 

52.8 

1. 

104 

.00961539 

.098058 

50.77 

.962 

108 

.00925926 

.096225 

48.89 

.036 

112 

.00892857 

.094491 

47.14 

.803 

116 

.00862069 

.092848 

45.52 

.862 

120 

.00833333 

.091287 

1 44. 

.833 

124 

.00806452 

.089803 

42.58 

.810 

128 

.00781250 

.088388 

41.25 

.781 

132 

.00757576 

.087039 

40. 

.760 

136 

.00736294 

.085749 

38.82 

.740 

140 

.00714286 

.084516 

37.71 

.714 

144 

.00694444 

.083333 

36.67 

.694 

148 

.00675676 

.082199 

35.68 

.680 

152 

.00657895 

.081111 

34.74 

.660 

156 

.00641026 

.080065 

33.85 

.641 

160 

.00625 

.079057 

33. 

.630 

164 

.00600756 

.078087 

32.20 

.610 

168 

.00595238 

.077152 

31.43 

.595 

172 

.00581395 

.076249 

30.70 

.581 

176 

.00568182 

.075378 

30. 

.568 

180 

.00555556 

.074536 

29.33 

.556 

184 

.00543478 

.073721 

28.70 

.543 

188 

.00531015 

.072932 

28.09 

.532 

102 

.00520833 

.072169 

27.50 

.520 

106 

.00510204 

.071429 

26.94 

.510 

200 

.005 

.070710 

26.40 

.5 

205 

.00487805 

.069843 

25.76 

.488 

210 

.00476191 

.069007 

25.14 

.476 

215 

.00465116 

.068199 

24.56 

.465 

220 

.00454545 

.067419 

24. 

.455 

225 

.00444444 

.066667 

23.47 

.444 

230 

.00434783 

.065938 

22.96 

.435 

235 

.00425532 

.065233 

22.48 

.426 

240 

.00416667 

.064549 

22. 

.417 

245 

.00408162 

.063885 

21.55 

.408 

250 

.004 

.063246 

21.12 

.4 

255 

.00302157 

.062620 

20.71 

.302 

260 

.00384615 

.062018 

20.31 

.385 

265 

.00377359 

.061430 

19.92 

.377 
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GRADE OR SLOPE VALUES 


Pabt V 


TABLE XXVIL— ELEMENTS OF SLOPE Con.) 


Giving the ratio of the head to the distance, the sine of the angle of 
inclination, or the value of and its square root, the fall in feet per mile, 
and the fall in 100 feet or the per cent of grade. 


Slope 1 in 

Sine of Slope- 
angle 


Fall in Feet 
per Milt*. 

I 

Fall in 100 ft. 
or % of Grade. 

270 

.00370370 

.060858 

19.56 

.370 

275 

.00363363 

.060302 

19.20 

.363 

280 

.00357143 

.059761 

18.86 

.357 

285 

.00350877 

.059235 

18.53 

.351 

290 

.00344828 

.068722 

18.20 

.345 

295 

.00338983 

.058222 

17.90 

.339 

300 

.00333333 

.057735 

17.60 

.333 

310 

.00322581 

.056796 

17.03 

.323 

320 

.003125 

.055902 

16.50 

.313 

330 

.00303030 

.055048 

16. 

.303 

340 

.00294118 

.054232 

15.53 

.294 

350 

.00285714 

.053452 

15.09 

.286 

360 

.00277778 

.052705 

14.67 

.278 

370 

.00270270 

.051988 

14.27 

.270 

380 

.00263158 

.051299 

13.90 

.263 

390 

.00256410 

.050637 

13.54 

.256 

400 

.0025 

.05 

13.20 

.25 

410 

.00243902 

.049387 

12.88 

.244 

420 

. 00238095 

.048795 

12.57 

.238 

430 

.00232558 

.048224 

12.28 

.233 

440 

.00227273 

.047673 

12. 

.227 

450 

.00222222 

.047140 

11.73 

.222 

460 

.00217391 

.046625 

11.48 

.217 

470 

.00212766 

.046126 

11.24 

.213 

480 

.00208333 

.045644 

11. 

.208 

490 

.00204082 

.045175 

10.78 

.204 

500 

.002 

.044721 

10.56 

.200 

510 

.00196078 

.044281 

10.35 

.196 

520 

.00192308 

.043853 

10.15 

.192 

530 

.00188679 

.043437 

9.96 

.189 

540 

.00185185 

.043033 

9.78 

.185 

550 

.00181818 

.042640 

9.60 

.182 

560 

.00178571 

.042258 

9.43 

.179 

570 

.00175439 

.041885 

9.26 

.175 

580 

.00172414 

.041523 

9.10 

.172 

590 

.00169492 

.041169 

8.95 

.169 

600 

.00166667 

.040825 

8.80 

.167 ■ 

620 

.00161290 

.040161 

8.52 

.161 

640 

.00156250 

.039528 

8.25 

.156 

660 

.00151515 

.038025 

8. 

.152 

680 

.00147059 

.038348 

7.77 

.147 

700 

.00142857 

.037796 

7.54 

.143 

720 

.00138889 

.037268 

7.33 

.139 

740 

.00135135 

.036761 

7.14 

. 135 

760 

.00131579 

.036274 

6.95 

.132 

780 

.00128205 

.035806 

6.77 

.128 

800 

.00125 

.035355 

6.60 

.125 

820 

.00121951 

.034922 

6.44 

.122 

840 

.00119048 

.034503 

6.29 

.119 

860 

.00116279 

.034099 

6.14 

.116 
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GRADE OR SLOPE VALUES 
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TABLE XXVII.— ELEMENTS OF SLOPE (Con.) 

Giving the ratio of the head to the distance, the sine of the angle of 
inclination, or the value of 8, and its square root, the fall in feet per mile, 
and the fall in 100 feet or the per cent of grade. 


Slope 1 in 

Sine of Slope- 
angle = 8. 

vT 

Fall in Feet 
per Mile. 

Fall in 100 ft. 
or % of Grade. 

880 

.00113636 

.033710 

6. 

.1140 

900 

.00111111 

.033333 

5.87 

.1111 

920 

.00108690 

.032969 

5.74 

.1090 

940 

.00106383 

.032616 

5.62 

. 1064 

960 

.00104167 

.032275 

5., 50 

.1042 

980 

.00102041 

.031944 

5.39 

.1020 

1000 

.001 

.031623 

5.28 

.1000 

1040 

.00096154 

.031009 

5.08 

.0962 

1080 

.00092593 

.030429 

4.89 

.0930 

1120 

.00089286 

.029881 

4.71 

.0893 

1160 

.00086207 

.029361 

4 . 55 

.0862 

1200 

.00083333 

. 0288(i8 

4.40 

.0833 

1240 

.(K)080645 

.028398 

4.26 

. 0806 

1280 

.00078125 

.027951 

4.13 

.0781 

1320 

.00075758 

.027524 

4. 

.07,58 

1360 

.00073529 

.027116 

3.88 

.07,35 

1400 

.00071429 

.026726 

3.77 

.0714 

1440 

.00069444 

.026352 

3.67 

.0694 

1480 

.00067568 

.025994 

3.57 

.0676 

1520 

,00065790 

.025649 

3.47 

.0658 

1500 

.00064103 

.025318 

3.39 

.0641 

1600 

.00062500 

.025 

3.30 

.0625 

1040 

.00060976 

.024693 

3.22 

.0610 

1080 

. 00059524 

.024398 

3.14 

. 0.595 

1720 

.00058140 

.024112 

3.07 

.0581 

1760 

.00056818 

.023837 

3. 

.0,568 

1800 

.00055550 

.023570 

2.93 

.0556 

1840 

.00054348 

.023313 

2.87 

.0,543 

1880 

.00053192 

.023063 

2.81 

.0532 

1920 

.00052083 

.022822 

2.75 

.0,521 

1960 

.00051020 

.022588 

2.69 

.0510 

2000 

.0005 • 

.022361 

2.64 

.05 

2050 

.00048781 

.022086 

2.58 

.0488 

2100 

.00047619 

.021822 

2.51 

.0476 

2150 

.00046512 

.021567 

2.46 

.0465 

2200 

.00045455 

.021,320 

2.40 

.0455 

2250 

.00044444 

.021082 

2.35 

.0444 

2300 

.00043478 

.0208,53 

2.30 

.0435 

2350 

.000425,53 

.020628 

2.25 

.0426 

2400 

.00041667 

.020412 

2.20 

.0417 

2450 

.00040816 

.020203 

2.16 

.0409 

2500 

.0004 

.02 

2.11 

.04 

2550 

.00039216 

.019803 

2.07 

.0,392 

2600 

.00038462 

.019612 

2.03 

.0385 

2650 

.00037736 

.019426 

1.99 

.0377 

2700 

.00037037 

.019245 

1.96 

.0370 

2750 

.00036364 

.019069 

1.92 

.0364 

2800 

.00035714 

.018898 

1.80 

.0357 

2850 

.00035088 

.018731 

1.85 

.0351 

2900 

.00034483 

.018569 

1.82 

.0345 




96 


GRADE OR SLOPE VALUES 


Pabt V 


TABLE XXVII.— ELEMENTS OF SLOPE (Con.) 


Giving the ratio of the head to the distance, the sine of the angle of 
inclination, or the value of s, and its square root, the fall in feet per mile, 
and the fall in 100 feet or the per cent of grade. 


Slope 1 in 

Sine of Slope- 
angle 

vr. 

Fall in Feet 
per Mile. 

Fall in 100 ft. 

[ or % of Grade. 

2,950 

! .00033898 

.018414 

1.79 

.0339 

3,000 

.00033333 

.018257 

1.76 

.0333 

3,100 

.00032258 

.017960 

1.70 

.0323 

3,200 

.00031250 

.017677 

1.65 

.0313 

3,300 

.00030303 

.017408 

1.6 

.0303 

3,400 

.0002S412 

.017150 

1.553 

.0294 

• 3,600 

.00028571 

.016903 

1.509 

.0286 

3,600 

.00027778 

.016667 

1.467 

.0278 

3,700 

.00027027 

.016440 

1.427 

.0270 

3,800 

.00026316 

.016222 

1.390 

.0263 

3.900 

.00025641 

.016013 

1.354 

.0256 

4,000 

.00025 

.015811 

1.320 

.0250 

4,100 

.00024390 

.015617 

1.288 

.0244 

4,200 

.00023810 

.015430 

1.257 

.0238 

4,300 

.00023256 

.016250 

1.228 

.0233 

4,400 

.00022727 

.015076 

1.2 

.0227 

4,500 

.00022222 

.014907 

1.173 

.0222 

4,600 

.00021739 

.014744 

1.148 

.0217 

4,700 

.00021277 

.014586 

1.124 

.0213 

4,800 

.00020833 

.014434 

1.1 

.0208 

4,900 

.00020408 

.014285 

1.078 

.0204 

5.000 

.0002 

.014142 

1.056 

.0200 

5,200 

.00019231 

.013888 

1.015 

.0192 

5,400 

.00018619 

.013608 

.978 

.0185 

5,600 

.00017857 

.013363 

.943 

' .0179 

5,800 

.00017241 

.013131 

.910 

.0172 

6,000 

.00016667 

.012910 

.880 

.0167 

6,200 

.00016129 

.012700 

.852 

.0161 

6,400 

.00015625 

.0125 

.825 

.0156 

6,600 

.00015152 

.012309 

.800 

.0151 

6.800 

.00014706 

.012127 

.777 

.0147 

7,000 

.00014286 

.011952 

.754 

.0143 

7,200 

.00013889 

,011785 

.733 

.0139 

7,400 

.00013614 

.011625 

.714 

.0135 

7,600 

.00013158 

.011471 

.695 

.0132 

7,800 

.00012821 

.011323 

.677 

.0128 

8,000 

.ooor25 

.011180 

.660 

.0125 

8,200 

.00012195 

.011043 

.644 

.0122 

8,400 

.00011905 

.010911 

.629 

.0119 

8,600 

.00011628 

.010783 

.614 

.0116 

8,800 

.00011364 

.010660 

.600 

.0114 

9,000 

.00011111 

.010541 

.587 

.0111 

9,200 

.00010870 

.010427 

.574 

.0109 

9,400 

.00010638 

.010314 

.562 

.0106 

9,600 

.00010417 

.010206 

.550 

.0104 

9,800 

.00010204 

.010102 

.539 

.0102 

10,000 

.0001 

.01 

.528 

.0100 

10,400 

.00009615 

.009806 

.508 


10,800 

.00009259 

.009623 

.489 


11,200 

.00008929 

.009449 

.471 
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TABLE XXVII.— ELEMENTS OF SLOPE (Con.) 


Givins the ratio of the head to the distance, the sine of the angle of 
inclination, or the value of s, and its square root, the fall in feet per mile, 
and the fall in 100 feet or the per cent of grade. 


Slope 1 in 

Sine of Slope- 
angle = s. 

V7 

Fall in Feet 
per Mile. 

Fall in 100 ft. 
or % of Grade. 

Mb ^ 

.00008621 

.009285 

.455 

.0086 

^B w^B 

.00008333 

.009129 

.440 

.0083 


.00008065 

.008980 

.426 

.0081 


.00007813 

.008839 

.413 

.0078 


.00007576 

.008704 

.4 

.0076 

13,600 

.00007353 

.008575 

.388 

.0074 

14,000 

.00007143 

.008452 

.377 

.0071 

14,400 

.00006945 

.008334 

.367 

.0069 

14,800 

.00006757 

.008220 

.357 

.0068 

15,200 

.00006579 

.008111 

.347 

.0066 

15,600 

.00006410 

.008007 

.339 

.0064 

16,000 

.00006250 

.007906 

.330 

.0063 


.00006098 

.007809 

.322 

.0061 

16,800 

.00005952 

.007715 

.314 

.0059 


.00005814 

.007625 

.307 

.0058 


.00005682 

.007538 

.3 

.0057 


.00005556 

.007454 

.293 

.0056 


.00005435 

.007372 

.287 

.0054 


.00005319 

.007293 

.281 

.0053 


.00005208 

.007217 

.275 

.0052 

19,600 

,00005102 

.007142 

.269 

.0051 

20,000 

.00005 

.007071 

.264 

.0050 

20,500 

.00004878 

.006984 

.258 

.0049 

21,000 

.00004762 

.006901 

.251 

.0048 

21,500 

.00004651 

.006820 

.246 

.0047 

22,000 

.00004545 

.006742 

.240 

.0045 

22,500 

.00004444 

.006667 

.235 

.0044 

23,000 

.00004348 

.006594 

.230 

.0043 

23,500 

.00004255 

.006523 

.225 

.0043 

24,000 

.00004167 

.006455 

.220 

.0042 

. 24,500 

.00004082 

.006389 

.216 

.0041 

25,000 

.00004 

.006325 

.211 

.0040 
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MISCELLANEOUS AND REFERENCE TABLES 

HYDRAULIC UNITS 

The following hydraulic units are among those in general use 
throughout the United States, to wit: a Million Gallons, the 
Cubic Foot, the Acre-Foot and the Miner’s Inch. 

The Million Gallons. To be exact, the United States 
gallon of 231 cu.in. (0.13368 cu.ft.) is the technical unit, but a 
collective unit of one million gallons is largely used in municipal 
work by water-supply and sanitary engineers. A day of twenty- 
four hours is the time element with which it is usually incor- 
porated to render it available as a flowage unit. 

The Cubic Foot. This unit has a lineage that runs directly 
back to the International Standard Meter, and our other units, 
are usually described as being some number of, or some frac- 
tional part of, a cubic foot. The second is in general use as 
a time prefix, and a second-foot is used to designate such a flow 
of water as will deliver one cubic foot in a second of time. The 
cubic foot and the second-foot are the units generally used by 
professional engineers and hydraulic artisans in every section 
of the country. 

The Acre-foot. This unit is of recent origin, and is used 
principally by engineers in the irrigation and reclamation service. 
It contains 43,560 cu.ft., or the quantity of water required to 
cover an acre of land to the depth of one foot. No fixed time 
element has attached to the acre-foot so far as I am informed. 
A time sufiix is generally employed to express its flowage value; 
to wit, an acre-foot per hour, or an acre-foot per day, as the case 
may require. In Table XXVIII I have used the acre-foot per 
day as a basis for comparing it with the other flowage units. 

The Miner’s Inch or the inch, as it is generally expressed, 
is of plebeian origin, having been evolved and first used by a 
body of men who were, perhaps above all else, intensely prac- 
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tical. The necessity of some device for measuring water among 
the early placer miners of California brought forth a variety of 
boxes in which the height of the opening ranged from 2 to 6 or 
more inches, and the head above the center of the orifice ranged 
from 4 to 9 or more inches. The width of the oi)ening was 
usually adjustable, and the number of inches was found by 
multiplying the length by the height of the orifice, as measured 
in inches; that is, the inches of water ” was identical with the 
area of the orifice in square inches. 

Boxes of varying proi)ortions were adopted by the different 
ditch and flume companies, with the result that the quantity 
ddivered to the consumer, as an inch of water, ranged from 
1.25 to 1.75 cu.ft. per minute; but as the price was controlled 
by local conditions and differed even more widely than the 
volume delivered, the latter discre})ancy was relatively a matter 
of small importance. Had the California water companies dis- 
posed of their commodity by the cubic foot, it is not at all 
likely that the volume delivered would have been in closer accord 
than are the North Bloomfield, the South Yuba, or the Smarts- 
ville mincr^s inch. 

The miner’s box is. for excellent reasons rejected by engineers 
as a measuring device; and many, without reflection, have dis- 
carded the inch as a unit, together with the box. For the past 
thirty years I have used the inch as equivalent to 1.5 cu.ft. per 
minute, with a growing appreciation of its advantages as a 
flowage unit; not as a substitute for or to replace any other, 
but as a convenient and practical acquisition to our hydraulic 
units. 

Reasons for its retention lie in the fact that it is the only unit 
in which the element of time is incoporated in a single word; 
the only unit with which we can indicate a volume of rimning 
water without the use of a hyphenated compoimd, which too 
often requires a further explanation. The inch is the only 
single-vrord unit that indicates the quantity we are to get, 
together with the knowledge of the time in which we are to 
receive it; the only unit that will, in a single word, define a 
volume of water in motion. Again, as an inch is but one- 
fortieth part of a second-foot, it is possible to express a much 
smaller flow without resorting to a fractional or decimal notation 
— ^an advantage that many regard as quite important, and is 
welcomed by all who are using small heads of rimning water. 
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Finally, the genesis of the inch is industrial; its volume is easily 
estimated by the layman, as the miner ^s box from which it was 
evolved is readily conceived, and similar conditions of flow are 
often observed in the ordinary walks of life. 

Instead of discarding the inch, the profession should standard- 
ize it. Montana has legalized the second-foot as equivalent to 
40 ins. On this ratio an inch is equal to 0.025 sec^ond-foot, or 
1.5 cu.ft. per minute, whi(^h is very close to its mean value as 
used by the early miners of California, and very near the actual 
discharge of an inch orifice under a head of C ins. 

In Table XXVIII the second-foot, the miner’s inch as legalized 
in Montana, the million gallons in twenty-four hours, — if wc 
observe the decimal, or the actual number of gallons per day if 
the decimal be ignored, — and the acre-foot i)er day have each 
been converted into terms of the other for a large number of 
graduated values between 0.0025 and 2500 ft. i)er second. The 
following factors and reciprocals, which have been used in com- 
puting this table, may be found convenient for further reduc- 
tions: 



Socond-foet. 

Miner’s inch. 

Million gals. 

Acro-feet. 

Socond-feet 


1 0.025 

1 . 547229 
61.889142 

0.504168 

20.166576 

0.325852 

Miner’s inch 

40.0 

0.G46317 

1.983471 

Million gals 

0.016158 

0.049587 

Acre-fect 

3.068882 




To convert from any denomination named at, the head of the 
columns to any denomination named in the column on the left, 
multiply by the factor found at the intersec^tion of the line and 
column. 

To convert from any denomination named in the column on 
the left to any denomination heading the columns, divide by 
the factor found at the intersection of the line and column. 
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TABLE XXVIII 


Converting second-feet, inches, million gallons, and acre-feet per day 
each into terms of the other three. 


Equivalents employed 

1 U. S. gal. =231 cu.ins. =0.133681 cu.ft. 
1 cubic foot =7.48052 U. S. gals. 

1 inch =0.025 sec.-ft. =1.5 cu.ft. per min. 
1 Bcc.-ft. =1 cu.ft. per sec. =40 ins. 

1 sec.-ft. =646,317 gallons per day. 

1 sec.-ft. =1.9835 acre-feet per day. 

1 acre-ft. =43560 cu.ft. 


Sec.- 

feet 

Miner’s 

inches 

Million gals, 
in 24 hrs. 

Acre-ft. 
per day 

.0025 

.1 

.001616 

.004959 

.0050 

.2 

.003232 

.009917 

.0075 

.3 

.004847 

.014876 

.0100 

.4 

.006463 

.019835 

.0125 

.6 

.008079 

.024793 


.6 

.009695 

.029762 

||| lirJjfl 

.7 

.011311 

.034711 

Vi 

.8 

.012926 

.039669 

Vi 

. 9 

.014542 

.044628 



.016158 

.049687 


1.1 

.017774 

.054545 

Vlml!ll 

1.2 

.019390 

,059504 


1.3 

.021005 

.064463 

.0350 

1.4 

.022621 

,069421 

.0375 

1.5 

.024237 

.074380 


1.6 

.025853 

,079339 

.0425 

1.7 

.027468 

.084298 

.0450 

1.8 

.029084 

,089256 

.0475 

1.9 

.030700 

,094215 

.0500 

2.0 

.032316 

,099174 

.0525 

2.1 

.033932 

. 104132 

.0550 

2.2 

.035547 

. 109091 

.0575 

2.3 

.037162 

.114050 

wmm 

2.4 

.038779 

.119008 

.0625 

2.5 

.040395 

. 123967 


2.6 

.042011 

. 128926 

.0675 

2.7 

.043626 

. 133884 


2.8 

.045242 

.138843 

.0725 

2.9 

.046858 

.1438021 

.0750 

3.0 

.048474 

.148760 

.0775 

3.1 

.050090 

. 153719 


3.2 

.051705 

. 158678 

.0825 

3.3 

.053321 

. 163636 

.0850 

3.4 

.054937 

. 168595 

.0875 

3.5 

.056553 

. 173554 


3.6 

.058169 

. 178512 

.0925 

3.7 

.059784 

. 183471 

.0950 

3.8 

.061400 

. 188430 

.0976 

3.9 

.063016 

. 193388 


4.0 

.064632 

. 198348 


Sec.- 

feet 

Miner’s 

inches 

Million gals, 
in 24 hrs. 

Acre-ft. 
per day 

.105 

4.2 

.067863 

.20826 

.110 

4.4 

.071095 

.21818 

.115 

4.6 

.074326 

.22810 

.120 

4.8 

.077558 

.23802 

.125 

6.0 

.080790 

.24793 

.130 

5.2 

.084021 

.25785 

.135 

5.4 

.087253 

.26777 

.140 

5.6 

.090484 

.27769 

. 145 

6.8 

.093716 

.28760 

.150 

6.0 

.096948 

.29752 

.160 

6.4 

.103411 

.31736 

.170 

6.8 

. 109874 

.33719 

.180 

7.2 

.116337 

.35702 

.190 

7.6 

. 122800 

.37686 

.200 

8.0 

. 129263 

.39669 

.210 

8.4 

. 135727 

.41653 

.220 

8.8 

’ . 142190 

.43636 

.230 

9.2 

. 148653 

.45620 

.240 

9.6 

.156161 

.47603 

.250 

10.0 

. 161679 

.49587 

.275 

11.0 

.177737 

.54545 

.300 

12.0 

. 193895 

.59504 

.325 


.210053 

.64463 

.350 


.226211 

.69421 

.375 

15.0 

.242369 

.74380 

.400 

16.0 

.258527 

.79339 

.425 

17.0 

.274685 

.84298 

.450 

18.0 

.290843 

.89256 

.475 

19.0 

.307001 

.94215 

.500 

20.0 

.323159 

.99174 

.525 

21.0 

.339316 

1.04132 

.550 

22.0 

.355474 

1.09091 

.576 

23.0 

.371632 

1.14050 

.600 

24.0 

.387790 

1.19008 

.625 

25.0 

.403948 

1.23967 

.650 

26.0 

.420106 

1.28926 

.675 

27.0 

.436264 

1.33884 

.700 

28.0 

.452422 

1.38843 

.725 

29.0 

.468580 

1.43802 

.760 

30.0 

.484738 

1.48761 
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TABLE XXVIII (Con.) 


Converting second-feet, inches, million gallons, and acre-feet per day 
each into terms of the other three. 


Equivalents employed 

1 U. S. gal. -231 cu.ins. »0.]338G1 cu.ft. 
1 cubic foot —7.48052 U. 8. gals. 

1 inch =0.025 sec.ft. =1.5 cu.ft. per min. 
1 sec.-ft. =1 cu.ft. per sec. =40 ins. 

1 scc.-ft. =640,317 gallons per day. 

1 sec.-ft. =1.9835 acre-feet per day. 

1 acre-foot =43,560 cu.ft. 


Sec.- 

feet 

Miner’s 

inches 

Million gals, 
in 24 hrs. 

Acre-ft. 
per 4ay 

.80 

32 

.517054 

1.5868 

.85 

34 

. 549369 

1.6860 

.90 

36 

.581685 

1.7851 

.95 

38 

.614001 

1.8843 

1.00 

40 

.646317 

1.9835 

1.05 

42 

.678633 

2.0826 

1.10 

44 

.710949 

2.1818 

1.15 

46 

.743264 

2.2810 

1.20 

48 

.775580 

2.3802 

1.25 

50 

.807896 

2.4793 

1.30 

52 

.840212 

2.5785 

1.35 

54 

.872528 

2.6777 

1.40 

56 

.904844 

2.7769 

1.45 

58 

.937160 

2.8760 

1.50 

60 

.969475 

2.9752 

1.60 

64 

1.034107 

3.1736 

1.70 

68 

1.098739 

3.3719 

1.80 

72 

1 . 163370 

3.5702 

1.90 

76 

1 . 228002 

3.7686 

2.00 

80 

1.292634 

3.9669 

2.10 

84 

1.357266 

4.1653 

2.20 

88 

1.421897 

4.3636 

2.30 

92 

1.486529 

4.5620 

2.40 

96 

1.551161 

4.7603 

2.50 

100 

1.615792 

4.9587 

2.75 

110 

1.777372 

5.4545 

3.00 

120 

1.938951 

5.9504 

3.25 

130 

2.100530 

6.4463 

3.50 

140 

2.262110 

6.9421 

3.75 

150 

2.423688 

7.4380 

4.00 

160 

2.585268 

7.9339 

4.25 

170 

2.746847 

8.4298 

4.50 

180 

2.908426 

8.9256 

4.75 

190 

3.070005 

9.4215 

5.00 

200 

3.231585 

9.9174 

5.25 

210 

3.393164 

10.4132 

5.50 

220 

3.554743 

10.9091 

6.75 

230 

3.716322 

11.4050 

6.00 

240 

3.877902 

11.9008 

6.25 

250 

4.039481 

12.3968 


Sec.- 

feet 

Miner’s 

inches 

Million gals, 
in 24 hrs. 

Acre-ft. 
per day 

6.50 

260 

4.201060 

12.893 

6.75 

270 

4.362639 

13.388 

7.00 

280 

4.524218 

13.884 

7.25 

290 

4.685798 

14.380 

7.50 

300 

4.847377 

14.876 

8.00 

320 

5.170535 

15.868 

8.50 

340 

5.493694 

16.860 

9.00 

3()0 

5.816852 

17.851 

9.50 

380 

6.140011 

18.843 

10.00 

400 

6.463169 

19.835 

10.50 

420 

6.786328 

20.826 

11.00 

440 

7.109486 

21.818 

11.50 

460 

7.432645 

22.810 

12.00 

480 

7.755803 

23.802 

12.50 

500 

8.078962 

24.793 

13.00 

520 

8.402120 

25.785 

13.50 

540 

8.725279 

26.777 

14.00 

5(i0 

9.048437 

27.769 

14.50 

580 

9.371595 

28.760 

15.00 

600 

9.694754 

29.752 

16.00 

640 

10.341071 

31.736 

17.00 

680 

10.087388 

33.719 

18.00 

720 

11.633705 

35.702 

19.00 

760 

12.280022 

37.686 

20.00 

800 

12.926339 

39.669 

21.00 

840 

13.572655 

41.653 

22.00 

880 

14.218972 

43.636 

23.00 

920 

14.865289 

45.620 

24.00 

960 

15.511606 

47.603 

25.00 

1000 

16.157923 

40.587 

27.50 

1100 

17.773716 

54.545 

30.00 

1200 

19.389508 

59.504 

32.50 

1300 

21.005300 

64.463 

35.00 

1400 

22.621092 

69.421 

37.50 

1500 

24.236885 

74.380 

40.00 

1600 

25.852677 

79.339 

42.50 

1700 

27.468469 

84.298 

45.00 

1800 

29.084262 

89.256 

47.50 

1900 

30.700054 

94.215 

50.00 

2000 

32.315846 

99.174 
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TABLE XXVIII (Con.) 

Converting second-feet, inches, million gallons, and acre-fcet per day 
each into terms of the other three. 


Equivalents employed 

1 U. S. gal. «231 cu.ins =^0. 133681 cu.ft. 

1 cubic foot *7.48052 U. S. gals. 

1 inch =0.025 sec.-ft. =1.5 cu.ft. per min. 
1 sec.-ft. =1 cu.ft. per sec. =40 ins. 

1 sec.-ft. =646,317 gallons per day. 

1 sec.-ft. =1.9835 acre-feet per day. 

1 acre-foot =43,560 cu.ft. 


Sep.- 

feet 

Miner’s 

inches 

Million gals, 
in 24 hrs. 

Acre-ft. 
per day 

Sec.- 

feet 

Miner’s 

inches 

Million gals, 
in 24 hrs. 

Acrc-ft. 
per day 

52.5 

2,100 

33.931639 

104.13 

375 

15,000 

242.368848 

743.80 

55.0 

2,200 

35.547431 

109.09 

400 

16,000 

258.526771 

793.39 

57.5 

2,300 

37.163223 

114.05 

425 

17,000 

274.684694 

842.98 

60.0 

2,400 

38.779016 

119.01 

450 

18,000 

290.842618 

892.56 

62.5 

2,500 

40.394808 

123.97 

475 

19,000 

307.000541 

942.15 

65.0 

2,600 

42.010600 

128.93 

500 

20,000 

323.158464 

991.74 

67.5 

2,700 

43.626393 

133.88 

525 

21,000 

339.316387 

1041.32 

70.0 

2,800 

45.242185 

138.84 

550 

22,000 

355.474310 

1090.91 

72.5 

2,900 

46.857977 

143.80 

575 

23,000 

371.632234 

1140.50 

75.0 

3,000 

48.473770 

148.76 

600 

24,000 

387.790167 

1190.08 

80.0 

3,200 

51.705354 

158.68 

625 

25,000 

403.948080 

1239.67 

85.0 

3,400 

54.936939 

168.60 

650 

26,000 

420. 106003 

1289.26 

90.0 

3,600 

58. 168524 

178.51 

675 

27,000 

436.263926 

1338.84 

95.0 

3,800 

61.400108 

188.43 

700 

28,000 

452.421950 

1388.43 

100.0 

4,000 

64.631693 

198.35 

725 

29,000 

468.579773 

1438.02 

105.0 

4,200 

67.863277 

208.26 

750 

30,000 

484.737696 

1487.60 

110.0 

4,400 

71.094862 

218.18 

800 

32,000 

517.053542 

1586.78 

115.0 

4,600 

74.326447 

228.10 

850 

34,000 

549.369389 

1685.95 

120.0 

4 800 

77.558031 

238.02 

900 

36,000 

581.685235 

1785.12 

125.0 

5,000 

80.789616 

247.93 

950 

38,000 

614.001082 

1884.30 

130.0 

5,200 

84.021201 

257.85 

1000 

40,000 

646.316928 

1983.47 

135.0 

6,400 

87.252785 

267.77 

1050 

42,000 

678.632774 

2082.64 

140.0 

5,600 

90.484370 

277.69 

1100 

44,000 

710.948621 

2181.82 

145.0 

5,800 

93.715955 

287.60 

1150 

46,000 

743.264467 

2280.99 

150.0 

6,000 

96,947539 

297.52 

1200 

48,000 

775.580314 

2380.17 

160.0 

6,400 

103 . 410708 

317.36 

1250 

50,000 

807.896160 

2479.34 

170.0 

6,800 

109.873878 

337.19 

1300 

52,000 

840.212006 

2578.51 

180.0 

7,200 

116.337047 

357.02 

1350 

54,000 

872.527853 

2677.69 

190.0 

7,600 

122.800216 

376.86 

1400 

56,000 

904.843699 

2776.86 

200.0 

8,000 

129.263386 

396.69 

1450 

58,000 

937.159546 

2876.03 

210.0 

8,400 

135.726555 

416.53 

1500 

60,000 

969.475392 

2975.21 

220.0 

8,800 

142.189724 

436.36 

1625 

65,000 

1050.265008 

3223.14 

230.0 

9,200 

148.652893 

456.20 

1750 

70,000 

1131.054624 

3471.07 

240.0 

9,600 

155.116063 

476.03 

1875 

75,000 

1211.844240 

3719.01 

250.0 

10,000 

161.579232 

495.87 

2000 

80,000 

1292.633856 

3966.94 

276.0 

11,000 

177.737155 

545.45 

2125 

85,000 

1373.423472 

4214.88 

300.0 

12,000 

193.895078 

595.04 

2250 

90,000 

1454.213088 

4462.81 

325.0 

13,000 

210.053002 

644.63 

2375 

95,000 

1535.002704 

4710.74 

350.0 

14,000 

226.210925 

694.21 

2500 

100,000 

1615.792320 

4958.68 

1 
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WEIGHT OR STATIC PRESSURE IN FLUIDS 

In hydrostatics the following principles are fundamental: 

First. Fluids under the influence of gravity press equally 
in all directions upon the walls of a containing vessel. 

Second. The pressure per unit of surface is quite independent 
of the volume or quantity of fluid in its horizontal extension. 

Third. The ])^essure per unit of surfac^e is dependent upon 
the vertical extension of the fluid, that is, the i)ressure at any 
point is directly proportional to the head or distance below 
the surface. 

Fourth. The pressure at any point will be exerted in a 
direction j)erpendicular to the containing wall at that point. 

Equivalents Here ITsed 

On« cu.ft. of water =7.48052 U. S. gals. *=1728 cu.ins. =02.4283 lbs. 

One U. S. gal. = 231 cu.ins. = 8.34545 lbs. 

dm* prism 1 in. square, 1 ft. high = 12 cu.ins. = 0.43353 lb. 

Oneou.in. = 0.0361275 1b. 

Head in feet X. 43353 *= pressure in pounds per square inch. 

Head in feet -s-2. 3066 *=pre8surc in pounds per square inch. 

Pressure in pounds per square inch X2..3066 =head in feet. 

Pressure in pounds per square inch -r 0.43353 =hoad in feet. 

When //=head in feet, and P = pounds pressure per square 
inch, the foregoing ratios are expressed in the equations that 
follow: 

P.0.43353//. P.^. H-2.3066P. 

For preliminary or approximate work, engineers regard the 
cubic foot as containing 7.5 U. S. gallons, and as weighing 62.5 
lbs.; and the U. S. gallon as being 0.134 part of a cubic foot 
and as weighing 8.3 lbs. These values are exact enough for 
general use. 

It matters not what the size or shape of the containing vessel 
may be, whether a flume, forebay, or pipe line, the static pressure 
at any point will depend upon its distance below the surface 
of the liquid. It is further obvious that any augmented pressure 
on the vralls of an enclosing vessel will be quite independent of 
the volume added. Filling the smallest vertical tube through 
which water will run freely will increase the pressure upon the 
walls of a closed receptacle directly as the head is increa^. 
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A pitcher of water may rend a closed vessel having great 
strength, or it may increase the rupturing moments of a very 
thin film to a surprising total if it be properly applied. A 
masonry dam or a concrete retaining wall, otherwise of ample 
proportions, may be utterly ruined if water be allowed to enter 
in the manner shown in I'igs. 1 and 2, for the pressure at any 
point in an open seam will equal that against the perpendicular 



face of either wall if situated at the same distance below the 
water level. 

On the other hand, the quantity or volume of water behind 
a dam is but indirectly concerned in its overthrow; as the 
waters of Lake Erie (disregarding wind and wave action for the 




moment) are as easily controlled at the same depth as is the water 
on either bank of the canal of that name, while the waters of a 
large lake, though miles in extent, as at Fig. 3, are as easily 
restrained as is the narrow film shown in Fig. 4, under like 
conditions and at an equivalent depth below the surface. 
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Buoyancy 

The floating of objecte having less, and the buoyancy of 
objects having a greater specific gravity than that of the liquid 
in which they are immersed is explained by applying the prin- 
ciples above enunciated. Referring to the accompanying Fig. 
6, we see that the sum of the moments pressing upon the lower 
side of the objects x, y, z is greater than the sum of those that 
are acting upon the upper side as the surfaces beneath are sub- 
merged to a greater depth. If the weight of the object is equal 
to the difference between the upward and the downward 



moments, no movement will occur — ^a condition which proves 
that the object and the fluid have the same specific gravity, 
as at X in the figure. 

If the object be lighter than the liquid, the moments upon the 
lower side will dominate; the object will rise to the surface 
as at 2 /, and float at a level at which it displaces a volume of 
the liquid equal to its own weight. Conversely, if the object 
be heavier than the liquid, it sinks to the bottom and rests 
there with its weight diminished by the weight of the liquid 
which it has displaced, as at z, in the sketch. It very often 
becomes a matter of prime importance to reckon with this 
diminished weight in submerged work. 

A niunber of the foregoing statements may appear somewhat 
paradoxical, but all can be entirely reconciled by applying the 
fundamental principles with which the subject was intro- 
duced. 

The further discussion of this and kindred topics no less 
important seems out of place in a handbook; but the destructive 
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possibilities of a thin film of water, the rapid accumulation of 
strains as the area is increased under an ordinary head, and the 
buoyant forces exerted at a modest stage of submergence, are 
so often matters of surprise to those who are otherwise well 
informed — so frequently underestimated by practical men, and 
not infrequently entirely overlooked and ignored by others, 
that some special emphasis seems warranted regarding them. 

Table XXIX, which follows, will give the static pressure in 
pounds per square inch and in pounds per square foot, due to 
a larg^ number of hydraulic heads ranging between 1 ft. and 
1000 ft. 
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TABLE XXIX 


Giving the static pressure in pounds per square inch and in pounds 
per square foot for a number of hydraulic heads between 1 ft. and 1000 ft. 


When h 


head in feet 


f pressure in lbs. per sq.in. = 0.43353A. 
\ pressure in lbs. per sq.ft. ~62.4283A. 


Head, 

feet 

Pounds 
per sq.in. 

Pounds 
per sq.ft. 

1 

.4335 

62.428 

2 

.8671 

124.857 

3 

1 . 300(i 

187.280 

4 

1.7341 

249.713 

5 

2.1677 

312.142 

6 

2.6012 

374 . 570 

7 

3.0347 

436.998 

8 

3.4682 

499.426 

9 

3.9018 

561.855 

10 

4.3353 

624.283 

11 

4.7688 

686.711 

12 

5.2024 

749.140 

13 

5.6359 

811.568 

14 

6.0694 

873.996 

15 

6.5030 

936.425 

16 

6.9365 

998.853 

17 

7.3700 

1,061.28 

18 

7.8035 

1,123.71 

19 

8.2371 

1,186.14 

20 

8.6706 

1,248.57 

21 

9.1041 

1,310.99 

22 

9.5377 

1,373.42 

23 

9.9712 

1,435.85 

24 

10.4047 

1,498.28 

25 

10.8383 

1,560.71 

26 

11.272 

1,623,1 

27 

11.705 

1,685.6 

28 

12.139 

1,748.0 

29 

12.572 

1,810.4 

30 

13.000 

1,872.8 

31 

13.439 

1,935.3 

32 

13.873 

1,997.7 

33 

14.307 

2,060.1 

34 

14.740 

2,122.6 

35 

15.174 

2,185.0 

36 

15.607 

2,247.4 

37 

16.041 

2,309.8 

38 

16.474 

2,372.3 

39 

16.908 

2,434.7 

40 

17.341 

2,497.1 

41 

17.775 

2,559.6 

42 

18.208 

2,622.0 

43 

18.642 

2,684.4 

44 

19.075 

2,746.8 

45 

19.509 

2,809.3 

46 

19.942 

2,871.7 

47 

20.376 

2,934.1 

48 

20.809 

2,996.6 

49 

21.243 

3,059.0 

50 1 

21.677 1 

3,121.4 


Head, 

Pounds 

Pounds 

feet 

per sq.in. 

per sq.ft. 

‘ 52 

22.544 

3,246.3 

54 

23.411 

3,371.1 

56 

24.278 

3,496.0 

58 

25.145 

3,620.8 

60 

26.012 

3,745.7 

62 

26.879 

3,870.6 

64 

27.746 

3,995.4 

66 

28.613 

4,120.3 

68 

29.480 

4,245.1 

70 

30.347 

4,370.0 

72 

31.214 

4,494.8 

74 

32.081 

4,619.7 

76 

32.948 

4,744.6 

78 

33.815 

4,86^. 4 

80 

34.682 

4.994.3 

82 

35.549 

5,119.1 

84 

36.417 

5,244.0 

86 

37.284 

5,368.8 

88 

38.151 

5,493.7 

90 

39.018 

5,618.5 

92 

39.885 

5,743.4 

94 

40.752 

5,868.3 

96 

41.619 

5,993.1 

98 

42.486 

6,118.0 

100 

43.353 

6,242.8 

105 

45.521 

6,555.0 

110 

47.688 

6,867.1 

115 

49.856 

7,179.3 

120 

52.024 

7,491.4 

125 

54.191 

7,803.5 

130 

56.359 

8,115.7 

135 

58.527 

8,427.8 

140 

60.694 

8,740.0 

145 

62.862 

9,052.1 

150 

65.030 

9,364.2 

155 

67.197 

9,676.4 

160 

69.365 

9,988.5 

165 

71.532 

10,300.7 

170 

73.700 

10,612.8 

175 

75.868 

10,925.0 

180 

78.035 

11,237.1 

185 

80.203 

11,549.2 

190 

82.371 

11,861.4 

195 

84.538 

12,173.5 

200 

86.706 

12,485.7 

205 

88.874 

12,797.8 

210 

91.041 

13,109.9 

215 

93.209 

13,422.1 

220 

95.377 

13,734.2 

225 

97.544 

14,046.4 
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TABLE XXIX (Con.) 

Giving? the static pressure in pounds per square inch and in pounds 
per square foot for a number of hydraulic heads between 1 ft. and 1000 ft. 


When h 


head In feet 


f pressure in lbs. per sq.in. 
\ pressure in lbs. per sq.ft. 


« 0.43353A. 
«62.4283A. 


Head, 

feet 

Pounds 
per sq.in. 

Pounds 
per sq.ft. 

Head, 

feet 

Pounds 
per sq.in. 

Pounds 
per sq.ft. 

230 

99.71 

14,359 

495 

214.6 

30,902 

235 

101.88 

14,671 

500 

216.8 

31,214 

240 

104.05 

14,983 

510 

221.1 

31,838 

245 

106.21 

15,295 

530 

225.4 

32,463 

250 

108.38 

16,607 

520 

229.8 

33,087 

-255 

110.55 

15,919 

540 

234.1 

33,711 

200 

112.72 

16,231 

550 

238.4 

34,336 

205 

114.89 

16,543 

560 

242.8 

34,960 

270 

117.05 

16,856 

570 

247.1 

35,584 

275 

119.22 

17,168 

580 

251.4 

36,208 

280 

121.39 

17,480 

590 

255.8 

36,833 

285 

123.56 

17,792 

600 

260.1 

37,457 

290 

125.72 

18,104 

610 

264.5 

38,081 

295 

127.89 

18,416 

620 

268.8 

38,706 

300 

130.06 

18,728 

630 

273.1 

39,330 

305 

132.23 

19,041 

640 

277.5 

39,954 

310 

134.39 

19,353 

650 

281.8 

40,578 

315 

136.56 

19,665 

660 

286.1 

41,203 

320 

138.73 

19,977 

670 

290.5 

41,827 

325 

140.90 

20,289 

680 

294.8 

42,451 

330 

143.06 

20,601 

690 

299.1 

43,076 

335 

145.23 

20,913 

700 

303.5 

43,700 

340 

147.40 

21,226 

710 

307.8 

44,324 

345 

149.57 

21.538 

720 

312.1 

44,948 

350 

151.74 


730 

316.5 

45,573 

355 

153.90 

22,162 

740 

320.8 

46,197 

300 

156.07 

22,474 

750 

325.1 

46,821 

365 

158.24 

22,786 

760 

329.5 

47,446 

370 

160.41 

23,098 

770 

333.8 

48,070 

376 

162.57 

23,411 

780 

338.2 

48,694 

380 

164.74 

23,723 

790 

342.5 

49,318 

385 

166.91 

24,035 


346.8 

49,943 

390 

169.08 

24,347 

810 

351.2 

50,567 

395 

171.24 

24,659 

820 

355.5 

51,191 

400 

173.41 

24,971 

830 

359.8 

51,815 

405 

175.58 

25,283 

840 

364.2 

52,440 

410 

177.75 

25,596 

850 

368.5 

53,064 

415 

179.91 

25,908 

860 

372.8 

53,688 

420 

182.08 

26,220 

870 

377.2 

54,313 

425 

184.25 

26,532 

880 

381.5 

54,937 

430 

186.42 

26,844 

890 

385.8 

55,561 

435 

188.59 

27,156 

900 

390.2 

56,185 

440 

190.75 

27,468 

910 

394.5 

56,810 

445 

192.92 

27,781 

920 

398.8 

57,434 

450 

195.09 


930 

403.2 

58,058 

455 

197.26 

28,405 

940 

407.5 

58,683 

460 

199.42 

28,717 

950 

411.9 

59.307 

465 

201.59 

29,029 


416.2 

59,931 

470 

203.76 

29,341 

970 

420.5 

60,555 

475 

205.93 

29,653 

980 

424.9 

61,180 

480 

208.09 

29,966 

990 

429.2 

61,804 

485 

490 

210.26 

212.43 


1000 

433.5 

62,428 
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DISCHARGE THROUGH AN ORIFICE 

An innumerable variety of openings are in use for the dis- 
charge of liquids, many of which defy all efforts at classification, 
but a large majority may be easily recognized as falling into 
one of the following grouj)S, from their manner of influencing 
the discharge: 

First. Through thin i)artitions with full (natural) (contraction. 

Second. Through short tubes with contraction su|)pressed. 

Third. Through ])artition.s or tubes, formed to effect com- 
plete (contraction before entering the orifice. 

Fourth. Through tubes of moderate length expanded in a 
manner to reinforce the head and increase the flow. 

It is well to note here that the t-errns short ” and ‘‘ thin 
refer to the manner in which the discharge is being effected, 
rather than to the actual thickness of the walls, or the length 
of the tubes — a distinction that will more fully appear as the 
action of the discharge is studied in the sketches that 
follow. 

Those interested in such equations as are here used must 
accept them on faith, or consult some standard authority on 
the subject; it being iny y)resent puri)Ose to review the empirical 
rather than the theoreticcal features of the subject. 1 aim to give 
the more important coefficients determined by exiKcriment, and 
to aid in the selection of the value most appropriate, by refresh- 
ing the memory in a field with which the reader is already more 
or less familiar. 

Gravity is the usual accelerating force that actuates the flow 
of water, and its value has been very carefully determined. The 
velocity that gravity imparts to a falling body in one second 
of time is termed “ acceleration of gravity,^' and is designated 
by the letter g. It does not stand for the velocity at any par- 
ticular moment, but for the velocity that accrues to a body 
falling in a. vacuum during every second of time that it con- 
tinues to fall; in short, g is sl measure of the force of gravity 
expressed in velocity, in feet per second per second. Though 
slightly modified by the latitude and altitude of the place in 
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which it is measured, its numerical value as used in nearly all 
hydraulic computations is as follows: 

^ = acceleration of gravity, also the velocity in feet 

per second at the end of the first second = 32.2 
= distance fallen during first second, also the 

mean velocity during the first se(;ond = 16.1 

2fif= velocity at the end of the second second, also 

the distance fallen at end of second second = 64.4 
V^= a factor very frequently used in all hydraulic 

work = 8.025 

Let gf = acceleration of gravity; 

i;=the theoretical velocity in feet per second; 
h—the head, or distance below the surface in feet; 

/ = the time in seconds. 

Fluids under the influence of gravity obey the fundamental 
laws that govern a falling body, from which, among others, are 
derived the following hydraulic equations: 


(1) 

v = ^/2gh 

=‘gt. 

(2) • 


2g- 

(3) “ 

g 


( 4 ) 

V 

=32 185 
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DISCHARGE THROUGH THIN PARTITIONS WITH 
FULL CONTRACTION 

Fig. 6 represents an orifice through a thin plate, and an 
issuing stream fully or naturally contracted. As the particles 
approach from all direc^tions, the impact of those reaching the 
orifice from the side tends to deflect a portion of those approach- 
ing on lines i)arallcl with the axis of discharge, thus causing the 
jet to contract as shown at cd. The proportions and position 
of the contracted section, or vena contracta^ have been carefully 
determined. Dropping decdmals, that have no 
practical value in this connection, it is situated 
at one-half the diameter of the orifice from its 
inner face (a6-^2=c/); its minimum diameter 
(cd) is 0.79, and its area 0.625 that of the 
orifice. The mean velocity through the mini- 
mum section under perfect conditions is given 
as 0.974 that of the thorctical velocity due to 
the head. Coefficients of discharge for a large 
range of openings belonging to this class have 
been determined — 90 per cent of which fall 
between 0.60 and 0.63. Competent authorities name 0.61 as 
a suitable value for general use. A circular opening is ideal 
for perfect contraction, but the coefficients of discharge from 



Fig. 6. 



rectangular and other forms that give a symmetrical efffux 
do not differ greatly from those obtained from circular openings. 

To insure perfect contraction, the edges of the orifice should 
be sharp and flush with the inner face of the receptacle (as shown 
at a and b, Fig. 7), and the openings should be at least one 
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.and one-half times their smallest dimension from the surface, 
from the bottom, and from either wall of the containing vessel; 
neither should the thickness of the partition, nor the length of 
the tube exceed about twice the smallest dimension of the 
opening. 

A modification of this fully contracted form of discharge 
appears when, instead of an orifice flush with the inner face, 
as at a and 6, Fig. 7, a short tube of relatively thin material 
is projected within the reservoir a distance of about two 
diameters, as at c; the jet will still retain its cont|*acted form, 
though a minimum for the coefficient of discharge may run 
as low as 0.51; but its value will rise gradually as the orifice 
is enlarged, and it will rise rapidly to 0.61 as the tube is with- 
drawn, or the thickness of the walls of the tube are increased 
with reference to its diameter. 

Discharge through Short Tubes with Contraction 
Suppressed 

A discharge passes from a first- to a second-class efflux when 
the thickness of the containing wall, or length of the dis- 
charging tube, is increased to two and one-half or three times 
the diameter, or least dimension of the orifice. The distinction 



Fia. 8. 


arises when the expanding jet impinges upon the outer edge of 
the opening, excluding the air; the tube suddenly fills with water, 
and contraction is suppressed, while the discharge is materially 
increased and settles to a steady flow. In Fig. 8 an attempt 
has been made to illustrate this action. Whether contraction 
be entirely suppressed, or to a degree only, as at a, h and c, the 
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tendency to contract will remain, and a partial vacuum will exist 
in the section where contraction would otherwise take place, 
as indicated by the dotted lines; when the j)ressure of the atmos- 
phere on the surface of the liquid will reinforce the natural 
gravity head, and materially accelerate the mean velocity of 
issuance. 

Coefficients of discharge ranging from O.SO to 0.84 have been 
obtained from openings of this class, and excellent authorities 
suggest 0.82 as generally ai)plic;ablc. The change of coefficients 
from 0.61 to 0.82 is usually rather abrupt, and the discharge 
between full and suppressed contrac^tion fitful in the extreme, 
while the jioint where the change will occur may be shifted 
somewhat by a change in head and other conditions too com- 
plex to follow. When the tube is extended to more than five 
diameters, the influence of friction becomes ap])reciable; the 
ojicning becomes a conduit and should be so regarded. 

As in oiienings of the first class, a modification of this form 
appears when a tube of relatively thin material is projected 
within the reservoir, as shown at c, Fig. 8. Under such a con- 
dition the flow is greatly reduced, and the coefficient of discharge 
may be found as low as 0.71, but its value will 
rise gradually as the internal projection is re- 
duced, or the thickness of the walls of the tube 
increased with reference to its diameter. 


Discharge through Short Tubes without 
Contraction 

If an opening of cither the first or second 
class have the corners rounded in a manner to 
guide the particles on easy lines as they ap- 
proach the orifice, contraction is avoided, and 
the jet becomes a discharge of the third class. 

There are many forms that may be given to 
the opening to accomplish this purpose, but 
the two shown at a and b, Fig. 9, are easily 
formed, are quite effective, and very generally applicable. 
The entrance proper to an orifice of this character is located 
at the point where its minimum cross-section is attained. 

Coefficients of discharge have been obtained ranging from 
0.90 to 0.975 in those of perfect form; but 0.94 is usually named 
as a suitable mean for general use. 



Fig. 9. 
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Discharge through Expanding Tubbs of Moderate Length 

The mean velocity through an orifice may be increased con- 
siderably beyond the theoretical velocity due to the head, by 
attaching to the outer end of the opening a divergent or expand- 
ing discharge. For a discussion of the principles involved, see 
the later editions of Trautwine’s handbook; but a brief dynamic 
outline of the theory is as follows: 

As the particles issue from the orifice, a, h. Fig. 10, and plunge 
into others that are moving more quietly, their velocity is 



arrested by, and their momentum imparted to the liquid whi(!h 
occupies the expanding ajutage X, with a resulting tendency to 
drive this conical section from the tube. When the exit is 
immersed as in the figure, this cannot occur; and the action, 
or tendency to act, results in a partial vacuum in the region a, 
which reinforces the atmospheric pressure upon the surface of 
the liquid above the natural head to the measure of the vacuum 
formed, and accelerates the velocity through the orifice beyond 
that naturally due to the fall. 

Coefficients of discharge ranging from about 0.90 to nearly 
1.60 have been obtained through tubes similar to the one illus- 
trated; but the many ratios of diameter to length, and the great 
variety of divergent angles, make it impracticable to name a 
single coefficient that would be generally applicable. 

That the class of orifice and the coefficients appropriate for 
each may be readily found, I recapitulate as follows: 
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Coeflf 

First. Through thin plates, or partitions two diameters 

or less in thickness, with full contraction, use 0 . 61 
When thin tubes project inward one or more 
diameters, use (modify 0.51 to 0.61 as tube is 
thickened or withdrawn) 0 . 61 

Second. Through short tubes, from two and one-half or 
three to five diameters, with contraction fully 
suppressed, use 0.82 

When thin tubes project inward one or more 
diameters, use (modify 0.71 to 0.82 as tube is 
thickened or withdrawn) 0.71 

Third. Through short tubes and orifices, less than five 
times the least diameter in length, with the 
entrance rounded or formed to prevent con- 
traction, use 0.94 

Fourth. Through divergent tubes of moderate length, vari- 
able. Generally the discharge will be in- 
creased, but the range of conditions presented 
in this class precludes a choice before the 
entire situation is presented. Coefficients 
from 0.90 to 1,60 have been obtained. 

Table XXX gives the theoretical velocity of issuance for a 
number of heads ranging between 1 to 100 ins., and Table XXXI, 
for heads between 1 and 1000 ft. They have both been com- 
puted by the formula, v = y/2gh = (//,( 1 ) page 114, in which, if the 
numerical value of be substituted, we obtain v = 8.03 Va, 
the exact fonn used. 

In applying the coefficients above given, and tables XXX and 
XXXI, to obtain velocities and discharge, observe the following 

Rule. Multiply the theoretical, or tabular, velocity found 
opposite the assumed head by the coefficient of discharge given 
for the class to which the opening belongs, and the product will 
be the approximate mean velocity through the orifice in feet per 
second. 

The discharge is obtained by multiplying the velocity thus 
obtained by the area of the orifice in square feet, and the product 
will be the approximate discharge in cubic feet per second. 
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TABLE XXX 


Giving the theoretical velocities of issuance from an orifice in feet per 
second, for a number of graduated heads between 1 in. and 100 ins. 

To obtain the approximate, actual mean velocity, multiply the tabular 
velocity found opposite the given head by the coefficient of discharge as 
determined by experiment for the particular class to which the opening 
belongs. (Sec page 119.) 

(ti-8.03V'A) 


Head 

vX 

foot 

Thcorct- 

ieal 

Velocity. 

Head -h. 

feet 

Theoret- 

ical 

Velocity. 

ins. 

feet 

ins. 

feet 

1 

.0833 

.2887 

2.318 

30 

2.5 

1..581 

12.695 

2 

. 16()7 

.4083 

3.279 

31 

2.583 

1.C07 

12.904 

3 

.25 

.5 

4.015 

32 

2.007 

1 . r>33 

13.113 

4 

.3333 

. 5773 

4.636 

33 

2.75 

1 .658 

13.314 

5 

.4107 

.0455 

5.183 

34 

2.833 

1.083 

13.514 

6 

.5 

.7071 

5.078 

35 

2.917 

1.708 

13.715 

7 

.5833 

.7638 

6.133 

30 

3. 

1.732 

13.908 

8 

.6667 

.8105 

6.556 

38 

3.107 

1.780 

14.293 

9 

.75 

.8060 

6.954 


3.333 

1.825 

14.655 

10 

.8333 

.9129 

7.331 

42 

3.5 

1.871 

15.024 

11 

.9167 

.9574 

7.688 

44 

3.067 

1.915 

15.377 

12 

1. 

1. 

8.030 

46 

3.833 

1.958 

15.723 

13 

1.0833 

1.041 

8.359 

48 

4. 

2. 

16.060 

14 

1 . 1607 

1.080 

8.672 

50 

4.167 

2.041 

16.389 

15 

1.25 

1.118 

8.978 

52 

4.333 

2.082 

16.718 

16 

1.3333 

1.155 

9.275 

54 

4.5 

2.121 

17.032 

17 

1.4167 

1.190 

9.556 

56 

4.667 

2.160 

1 17.345 

18 

1.5 


9.837 

58 

2.833 

2.199 

17.658 

19 

1.5833 

1.258 

10.102 

60 

5. 

2.236 

17.955 

20 

1.6607 

1.291 

10.367 

04 

5.333 

2.309 

18.541 

21 

1.75 

:!..323 

10.624 

68 

5.667 

2.381 

19.119 

22 

1.8333 

1.354 

10.873 

72 

6. 

2.449 

19.665 

23 

1.9167 

1.384 

11.114 

76 

6.333 

2.517 

20.212 

24 

2. 

1.414 

11.354 

80 

6.607 

2.582 

20.733 

25 

2.0833 

1.443 

11.587 

84 

7. 

2.646 

21.247 

26 

2.1667 

1.472 

11.820 

88 

7.333 

! 2.708 

21.745 

27 

2.25 

:.5 

12.045 

92 

7.667 

2.709 

22.235 

28 

2.3333 

1.528 

12.270 

06 

8. 

2.828 

22.709 

29 

2.4167 

1.555 

12.487 

100 

8.333 

2.887 

23.183 
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TABLE XXXI 

Giving the theoretical velocities of issuance from an orifice in feet per 
second, for a number of heads between 0.1 ft. and 1000 ft. 

To obtain the approximate, actual mean velocity multiply the tabular 
velocity found opposite the given head by the coofficic'nt of discharge 
as determined by experiment for the particular class to which the opening 
belongs. (See page 119.) 

(»=8.03vT) 


h 

feet 

y/h 

feet 

Theoretical 

Velocities 

h 

feet 

Vh 

feet 

Theoretical 

Velocities 

.10 

.316 


10 

3.162 

25.39 

.15 

.387 


11 

3.317 

26.64 

.20 

.447 


12 

3.464 

27.82 

.25 

.500 

4.015 

13 

3.606 

28.96 

.30 

.548 

4.400 

14 

3.742 

30.05 

.35 

.592 

4.754 

15 

3.873 

31.10 

.40 

.633 

5.083 

16 

4.000 

32.12 

.45 

.671 

5.388 

17 

4.123 

33.11 

.50 

.707 

5.677 

18 

4.243 

34.07 

.60 

.775 

6.223 

19 

4.359 

35.00 

.70 

.837 

6.721 

20 

4.472 

35.91 

.80 

.894 

7.179 

21 

4.583 

36.80 

.90 

.949 

7.620 

22 

4.690 

37.66 

1.00 

1.000 

8.030 

23 

4.796 

38.51 

1.20 

1.095 

8.793 

24 

4.899 

39.34 

1.40 

1.183 

9.499 

25 

5.000 

40.15 

1.60 

1.205 

10.158 

26 

5.099 

40.94 

1.80 

1.342 

10.776 

27 

5.196 

41.72 

2.00 

1.414 

11.354 

28 

5.292 

42.49 

2.25 

1.500 

12.045 

29 

5.383 

43.23 

2.50 

1.581 

12.695 

30 

5.477 

43.98 

2.75 

1 . 658 

13.314 

31 

5.568 

44.71 

3.00 

1.732 

13.908 

32 

5.657 

45.43 

3.25 

1.803 

14.478 

33 

5.745 

46.13 

3.50 

1.871 

15.024 

34 

5.831 

46.82 

3.75 

1.936 

15.546 

35 

5.916 

47.51 

4.00 

2.000 

16.060 

36 

6.000 

48.18 

4.25 

2.061 

16.550 

37 

6.083 

48.85 

4.50 

2.121 

17.032 

38 

6.184 

49.66 

4.75 

2.179 

17.497 

39 

6.245 

50.15 

5.00 

2.236 

17.955 

40 

6.325 

50.79 

5.50 

2.345 

18.830 

41 

6.403 

51.42 

6.00 

2.449 

19,665 

42 

6.481 

52.04 

6.50 

2.550 

20.477 

43 

6.557 

52.65 

7.00 

2.646 

21.247 

44 

6.633 

53.26 

7.50 

2.739 

21.994 

45 

6.708 

53.87 

8.00 

2.828 

22.709 

46 

6.782 

54.46 

8.50 

2.915 

23.407 

47 

6.856 

55.05 

9.00 

3.000 

24.090 

48 

6.928 

55.63 

9.50 

3.082 

24.748 

49 

7.000 

56.21 
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TABLE XXXI (Con.) 

Giving the theoretical velocities of issuance from an orifice in feet per 
second, for a number of heads between 0.1 ft. and 1000 ft. 

To obtain the approximate, actual mean velocity multiply the tabular 
velocity found opposite the given head by the coefficient of discharge 
as determined by experiment for the particular class to which the opening 
belongs. (See page 119.) 

(»=8.03v^) 


h 

.feet 

y/h 

feet 

Theoretical 

Velocities 

50 

7.071 

56.78 

52 

7.211 

57.90 

54 

7.348 

59.00 

56 

7.483 

60.09 

58 

7.616 

61.16 

60 

7.746 


62 

7.874 

63.23 

64 

8.000 

64.24 

66 

8.124 

65.24 

68 

8.246 

66.22 

70 

8.367 

67.19 

72 

8.485 

68.13 

74 

8.602 


76 

8.718 

70.01 

78 

8.832 

70.92 

80 

8.944 

71.82 

82 

9.055 

72.71 

84 

9.165 

73.59 

86 

9.274 

74.47 

88 

9.380 

75.32 

90 

9.487 

76.18 

92 

9.592 

77.02 

94 

9.695 

77.85 

06 

9.798 

78.68 

08 

9.899 

79.49 

100 

10.000 


105 

10.247 

82.28 

110 

10.488 

84.22 

115 

10.724 

86.11 

120 

10.954 

87.96 

125 

11.180 

89.78 

130 

11.402 

91.56 

135 

11.619 

93.30 

140 

11.832 

95.01 

145 

12.042 

96.70 

150 

12.247 

98.34 

155 

12.450 

99.97 

160 

12.649 

101.57 

165 

12.845 

103.15 

170 

13.038 

104.70 


h 

feet 

vT 

feet 

Theoretical 

Velocities 

175 

13.229 

106.2 

180 

13.417 

107.7 

185 

13.601 

109.2 

190 

13.784 

110.7 

195 

13.964 

112.1 

200 

14.142 

113.6 

210 

14.491 

116.4 

220 

14.832 

119.1 

230 

15.166 

121.8 

240 

15.492 

124.4 

250 

15.811 

127.0 

260 

16.125 

129.5 

270 

16.4.32 

131.9 

280 

16.733 

134.4 

290 

17.029 

136.7 


17.320 

139.1 

320 

17.889 

143.6 

340 

18.439 

148.1 

360 

18.974 

152.4 

380 

19.494 

156.5 


20.000 

160.6 

420 

20.494 

164.6 


20.976 

168.4 

460 

21.448 

172.2 

480 

21.909 

175.9 


22.361 

179.6 

525 

22.913 

184.0 


23.452 

188.3 

575 

23.979 

192.6 

600 

24.495 

196.7 

625 

25.000 

200.8 


25.495 

204.7 

675 

25.981 

208.6 

700 1 

26.458 

212.5 

725 

26.926 

216.2 


27.386 

219.0 

800 

28.284 

227.1 

850 

29.155 

234.1 


30.000 

240.9 


31.623 

253.9 
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THE MEASUREMENT OF WATER 

Only such methods as are well known and generally apjilicable 
to canal, flume, and open-channel measurements will be con- 
sidered. It will be assumed that the reader is so familiar with 
the details of such work and the principles involved that a brief 
review will serve to revive the entire subject. 

Gauging the Discharge of a River or Canal 

When the flow in a canal or the discharge of a stream is to be 
measured, select a straight course with an even section and as 
smooth a bottom as ])ossiblc, of sufficient length, when floats 
are to be used, to secure an accurate rating of their velocity. 
Cross-section the channel at one or more points and divide, 
by means of stakes or other markers, into as many sections as 
its fonn may indicate is necessary for estimating closely the 
area of each individual section. 

Then with a current meter, with Pitot^s tubes or other device 
suitable for the purpose, read the velocity at as many points 
as are needed to secure a mean in ea(;h section. The mean 
velocity in feet per second, multiplied by the area in square feet, 
will give the discharge of that section in second-feet; and the 
sum of the flow from the various sections will be the aggregate 
discharge of the stream. 

In the absence of instruments for obtaining current velocities, 
a fair approximation to the mean may usually be secured by 
timing floats over a distance measured along the bank, and 
multiplying the results by a coefficient which experiments have 
determined as appropriate for the character of channel under 
examination. The method is crude, but on reconnoissance work 
it is often the only practical manner of proceeding with the 
appliances at hand. 

The ratio between the maximum and mean velocities varies 
greatly as the size and roughness of a channel change, and 
practically the coefficients cannot possess the degree of refine- 
ment that their tabulation suggests; but the following arrange- 
ment will assist in classifying a channel, and in selecting an 
appropriate coefficient. 
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Coefficients for Reducing Maximum Surface to Mean 

Velocities 


First. 

Second. 

Third. 

I'^ourth 

I'ifth. 

Finally. 


In artificial channels 8 ft. or more, and in natural 
channels 12 ft. or more in depth, whose width 
is from two to four times their depth, with even 
cross-section and smooth bottom, the mean 
will often be found very close to the greatest 
surface velocity. As a safe coeflicient, use 

When the width is between four and eight times 
the dcj)th, or when conditions are less favor- 
able, use 

Generally in natural channels with an eveft bot- 
tom, 0.80 is used; indeed this value more often 
than any other will, under usual conditions, 
be the one to use. 

With an uneven bottom, with dei)th less than one- 
tenth the width, or with a variable cross-sec- 
tion, use 

When all of the last-named conditions are present, 
or others equally unfavorable, use 

As the retarding influences become more pro- 
nounced, the value of a coefficient for esti- 
mating a true mean becomes very slight. * 


0.90 

0.85 

0.80 

0.70 

0.60 


In general, a large or even cross-section, a smooth bottom, a 
straight course, a ratio of depth one-half the width, and artificial 
rather than natural channels, are conditions that tend to raise 
the mean with reference to the maximum surface velocity. 

From what has been said regarding the discharge of water 
through orifices of various forms, it would api)ear that under 
favorable conditions almost any opening may be used to estimate 
the flow; and if formed in thin partitions, most of them will 
indicate the discharge with considerable accuracy. If an orifice 
be raised until its upper edge is above the surface of the liquid, 
the opening is termed a weir, and becomes, when carefully con- 
structed and intelligently used, our most satisfactory appliance 
for small open-channel measurements. 


Weir Gauging of the Flow 


In theory, a weir determination consists in bringing the water, 
without appreciable velocity, to the face of an orifice devised to 
reduce friction to a minimum; when, under the influence of 
gravity alone, it falls through the opening in a constant volume 
from hour to hour and from day to day, so long as the depth 
over the crest remains unchanged. 
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Let Q = actual discharge over a weir in cubic feet per second; 

Q' = theoretical discharge over a weir in cubic feet per second; 

V =the actual mean velocity in feet per second; 

V'=the theoretical velocity in feet per seccond; 

L = length of the weir in feet; 

H =head, or vertical distance from crest of weir to the 
level of quiet water above in feet; 
c = coefficient of discharge. 

The mean theoretical velocity of issuance through an orifice 
under any head is thus expressed, 

V' = V^, (see page 114) (5) 

The mean theoretical velocity of water passing over a weir 
is thus expressed, 

V'=|v^ (6) 

The theoretical discharge, 

Q'=iV^XHXL (7) 

But to obtain the actual discharge, the theoretical flow is 
multiplied by a coefficient of discharge as determined by experi- 
ment, and is expressed, 

Q=cX|v'^X//XL (8) 

The value of c for rectangular weirs as detemmed by 
Francis^ experiments is 0.622, while =8.025 and = 5.36. 
Substituting these values and reducing, we obtain for the actual 
discharge of a rectangular weir, disregarding for the moment the 
influence of end contractions, 

Q=3.33VffX//XL (9) 

Following Francis’ suggestion to subtract one-tenth of the 

head from the length, for each end contraction, we obtain for 
an ordinary weir with two end contractions, 

Q=3.33VhxHx(l-^'^ .... ( 10 ) 

If in the formula (9) L be made equal to one, we obtain a form 
for the actual discharge over a unit length of weir (one foot) 
without end contraction as follows: 

Q=3.33VHXH=3.33ff* 


( 11 ) 



126 


MISCELLANEOUS 


Part VI 


Turning from the foregoing brief statement of the theory, let 
us examine a few of the many mechanical appliances that have 
been proposed, or are now in use, for measuring the flow in 
ditches, canals, and open channels of moderate capacity. 

The Miner\s Box 

I have spoken of the minejr’s box as having been discarded by 
engineers; but in its day this contrivancie answered every re- 
quirement among the miners of California. One form which was 
in general use is shown in Fig. 11. Used as a weir under any 
circumstances, its merit is questionable; but the broad hiatus 
between the maximum and minimum miner^s inch was caused 
more by the variations of head in vogue rather than by any in- 
herent defect in the box. As the price charged by the water 
companies was fixed by local conditions rather than by quantity 



delivered, the various boxes answered every purpose. It is vot 
offered here because of any merit as a weir, but as an interesting 
hydraulic relic from a day that has passed and gone. 

Rectangular Weirs 

In general to insure its proper action, the crest of a weir 
must be level, its face plumb, the banks and bottom tamped 
till water tight, and all secured in a manner precluding vibration. 
To insure complete contraction, the distance from the end of the 
orifice to either bank, or from the crest level to the bottom of 
the channel, should not be less than one and one-half times the 
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head. (See a, Fig. 12.) To reduce the velocity of approach, 
the channel should have a wet cross-sectional area at east six 
times the wet area at the crest, for a distance above the opening 
of about ten times the head; and if at that point the current 
velocity is still high, its momentum should be killed by placing 
baffle boards or other obstructions across the channel. The 
openings should be formed in thin plates, or have their margins 
chamfered to a feather edge (as shown at h and c), and there 
must be sufficient grade in the channel below to remove the tail 
water and give the air free ac^cess for thoroughly ventilating 
the under side of the effluent stream. 




Rectangular Weirs without End Contractions 

In measuring a moderate flow, the most exact results can 
probably be obtained by using a form, having complete bot- 
tom but no end contractions. (See a and &, Fig. 13.) The 
side pieces should be extended far enough below and beyond 
the crest, and far enough up stream to prevent any tendency 
to contract at the ends, with the bottom at least one and one- 
half times the head below the crest, to insure perfect contraction 
from below. It is recommended that the bottom be at least 
twice the head below the crest when practicable, as the velocity 
of approach is thereby further reduced. This form is easily 
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placed for gauging the flow in timber flumes and other rectan- 
gular channels, when the grade is sufficient to warrant such 
action; but when so used it becomes quite essential that the 
space below the falling sheet be thoroughly ventilated. 

Ordinary Rectangular Weirs with End Contractions 

As the volume to be measured is increased, a preference is 
given to the rectangular weir with two-end contractions (see 
Fig. 14), as it is cheaper, and requires less expert assistance in 
setting than the other forms here given. Something very 




similar to the illustration is generally used in open-channel 
measurements, and is the invariable first aid in all preliminary 
work. 

The practical effect of an end contraction is to shorten the 
length of the weir. Francis corrects by subtracting one-tenth 
of the head from the length of the weir for each end con- 
traction; one-fifth of the head from the length of the ordi- 
nary opening with two end contractions. (See formula 10, page 
125). In this connection, he further observes that when the 



Part VI 


MISCELLANEOUS 


129 


length of the crest is ten or more times the head, the relative 
effect of end contractions becomes so slight hhat they may be 
neglected without seriously affecting the result; while, upon 
the other hand, if the length be less than three times the head, 
the contractions dominate to an extent that renders the results 
somewhat questionable. 

The Cippoletti Weir 

The trapezoidal opening introduced by Cesare Cippoletti, 
an eminent Italian engineer (see Fig. 15), reverses Francis' 
method; and, instead of subtracting, adds to the length as the 
head increases to correct for end contractions. This result is 
attained by in(;lining the ends of the opening outward from the 
crest at an angle of 14® 29' from the perpendicular; that is, the 



ends are given a slope of one horizontal to four perpendicular (as 
shown in the figure), when the increased length of surface flow 
as the water rises above the crest automatically compensates 
for its increased tendency to contract, and the working length 
of the weir remains unchanged for any head. 

The direct simplicity of this device is a strong recommendation, 
and it should be regarded with special favor by all who find 
the repeated corrections in length, at every change in head, an 
irksome task. 

Table XXXII may be used for obtaining the flow through 
any of the weirs above described; not failing, of course, in case 
there are end contractions, to make the necessary corrections 
in length. 

The table gives the actual discharge in cubic feet* per second 
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and in miner’s inches, for each foot in length of weir for a number 
of heads ranging from i of an inch to 60 ins. I have used the 
Francis formula, giving to his coefficient c a value of 0.622. He 
cautions us about using his results very far beyond the range 
of his experiments, which for the most part were performed with 
heads ranging between 7 and 19 ins. Other experiments have 
confirmed his results for heads above 19 ins.; but the reader 
should be doubly cautious as either the upper or lower limits 
of the table here presented is reached. 

Rule. Multiply the tabular discharge found opposite the 
head that lies nearest to the one given or assumed, by the 



corrected length of crest in feet, if there be end contractions, 
or by the actual length if there be no end contractions, and the 
product will be the approximate discharge in cubic feet per 
second. 

Example- What discharge, with two end contractions, length 
9.94, head 0.96 ft.? 

96 

SolvJtion. We have 9.94—^=9.748 corrected crest length. 

5 

In table XXXII, line 65, we find opposite .9583 (nearest head) 
a discharge of 3.124 sec.-ft. Whence, 9.748 X3.124 = 30.45 
as the approximate discharge in cubic feet per second, or 
9.748X124.95 = 1218 as the approximate discharge in inches. 
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TABLE XXXII 

Giving discharge in inches and in cubic feet per second for each foot in 
length of weir through thin plates without end (Contraction, by the Francis 
formula. 

Q=3.33HVh. 
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TABLE XXXII (Con.) 

Giving discharge in inches and In cubic feet per second for each foot in 
length of weir through thin plates without end contraction, by the Francis 
formula. 

0=3.33£rV^. 



Head. 

Discharge. 


Head. 

Discharge. 

No. 

ins. 

feet 

aec.-ft. 

Mins. 

iUH. 

No. 

ins. 

feet 

sec.ft. 

Mins. 

ins. 

81 


1.292 

4.892 

195.7 

121 

27 

2.250 

11.24 

450 

82 


1.3i3 

5.011 


122 


2.292 

11.56 

462 

83 

16 

1.3o3 

5.127 

205.1 

123 

28 

2.333 

11.86 

475 

84 


1.3o4 

5.248 

209.9 

124 


2.375 

12.19 

488 

85 

'A 

1.3;5 

5.371 

214.8 

125 

29 

2.416 

12.50 

500 

86 

H 


5.495 

219.8 

126 


2.458 

12.83 

513 

87 

17 

1.417 

5.615 

224.6 

127 

30 

2.500 

13.16 

526 

88 

H 

1.437 

5.737 

229.5 

128 


2.542 

13.49 

540 

89 

H 

1.458 

5.860 

234.4 

129 

31 

2.583 

13.82 

553 

00 

h 

1.479 


239.6 

130 


2.625 

14.16 

566 

91 

18 


6.119 

244.8 

131 

32 

2.666 

14.50 

580 

92 


1.521 

6.245 

249.8 

132 

H 

2.708 

14.84 

594 

93 

1.542 

6.377 


133 

33 

2.750 

15.18 

607 

94 

h 

1.563 

6.506 


134 

H 

2.792 

15.54 

621 

95 

19 

1.583 

6.031 


135 

34 

2.833 

15.88 

635 

96 


1.004 

'6,762 

270.5 

136 


2.875 

16.24 

649 

97 


1.625 

6.899 

276.0 

137 

36 

2.917 

16.59 

664 

98 


1.646 

7.032 

281.3 

138 


2.958 

16.94 

678 

99 

20 

1 . 667 

7.166 

286.7 

139 

36 

mwmm 

17.30 

692 

100 


1.688 


292.1 

140 

37 

3.083 

18.03 

721 

101 


1.708 

7.434 

297.3 

141 

38 

3.167 

18.77 

751 

102 

H 

1.729 

7.571 

302.8 

142 

39 


19.51 

781 

103 

21 


7.710 

308.4 

143 

40 

3.333 

20.27 

811 

104 

M 

1.771 

7.849 


144 

41 

3.417 


842 

105 


1.792 

7.990 

319.6 

145 

42 


21.81 

872 

106 


1.813 

8.126 

325.0 

146 

43 

3.583 

22.59 

903 

107 

22 

1.833 

8.265 


147 

44 

3.666 

23.38 

935 

108 


1.854 

8.409 

336.4 

148 

46 

msEm 

24.18 

967 

109 


1.875 

8.548 

341.9 


46 

3.833 

24.99 

1000 

110 


1.896 


347.8 

H 

47 

3.917 

25.81 

1033 

111 

28 

1.917 

8.841 

353.7 

151 

48 


26.64 

1066 

112 


1.938 

8.983 


152 

60 

4.167 

28.32 

1133 

113 


1.958 


364.9 

153 

62 

4.333 


1202 

114 


1.979 

9.272 


154 

64 


31.78 

1271 

115 

24 

2.000 

9.417 

376.7 

155 

66 

4.667 

33.57 

1343 

116 


2.042 

9.717 

388.7 

156 

68 

4.833 

35.37 

1415 

117 

118 

119 

120 

20 

2.083 

2.125 

2.167 

2.208 

10.009 

10.317 

10.623 

10.926 

400.4 

412.7 

424.9 

437.0 

157 

60 

5.000 

37.23 

1489 
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The Vee Notch (V), or Triangular Weir 

The vee notch seems especially adapted to the measurement 
of small heads; • as complete contraction on the upper, and per- 
fect ventilation on the lower face, may be secured with less 
depth below the bottom of the orifice than in most other forms, 
while the head remains large in proportion to the volume dis- 
charged. It is claimed for this type that the top and side 
(jontractions, the air and water perimeters, all bear a constant 
ratio to one another; that the discharge is a function of one 
variable only, that of the head; and that, as the areas of dis- 
charge for the varying heads are similar triangles, the value 
of c remains constant at any head. These features, when com- 
bined with its cheapness, simplicity, and efficiency, form a 
strong aggregation in favor of this tyi)e. 

Though possibly as well adapted, in theory, for measurements 
upon a large scale, mechanical difficulties multiply rapidly as 
the size or number of the triangular openings required for a 
gauging increase, and the rectangular form is soon to be pre- 
ferred as the volume to be measured becomes larger. 

The formulas used in calculating tables XXXIII and XXXIV 
are derived from a general equation evolved from the experi- 
ments of Prof. James Thompson of the University of Glasgow, 
given in the eighteenth edition of Trautwine^s handbook, page 
559, as follows: Q = 4.28m in w^hich m equals the co- 
efficient of discharge (here used as 0.615), and T equals the 
tangent of one-half the angle of the notch. As both the inch 
and the foot are in general use for measuring low heads of this 
character, I have used them both in the tables, and have reduced 
the formula to equations that may be applied directly to the 
head, exiiressed in either feet or inches. 
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The Quadrantal Vee Notch 

The quadrantal weir consists of a triangular opening standing 
erect ui)on its ai>ex, with its sides chamfered to a thin edge 
so disposed as to include an angle of 90°, as shown in Fig. 16. 
Probably this form of vee is more generally used than any other, 
and usually with entire satisfac^tion. To obtain the flow, we 
multiply the square root of the fifth power of the head by a 
constant that will give the discharge in cubic feet per second. 



The two formulas that have been used in computing Table 
XXXIII are as follows: 

First. When the head is given in feet, 

(2=2.6322^/7®. (12) 

Second. When the head is given in inches, 

Q = . 005277 V/? (13) 

Example. What will be the flow through a quadrantal weir 
under a head of 6| ins. (0.531 ft.)? 

When the head is given in feet, 0.531® = .042215565, and 
V.042215565 = .205464 X 2.6322 = .5408 = the discharge in 
second-feet. 

When the head is given in inches (6 g =6.375 ins.) 6.375® 
= 10529.322109 and Vl0529.322109 = 102.6125 X .005277 = .5415, 
the discharge in second-feet. 

Proportioning from the nearest value in the table, we find 
it in substantial accord with either result. 
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TABLE XXXIII 

Griving discharge in cubic feet per second for a 
quadrantal weir. 

With the head in feet, Q =2.6322h^; 
with the head in inches, Q = .005277/1^. 



No. 

Hoad. 

Discharge. 

Bcc.-fect 

No. 

Head. 

Discharge. 

sec. -feet 

ins. 

feet 

ins. 

feet 

1 

H 

.0208 

.0002 

46 

11,4 

.9,583 

2 . 366 

2 

V2 

.0417 

.0009 

47 

H 

.9792 

2.497 

3 


.0625 

.0026 

48 

12 

1.000 

2.632 

4 

1 

.0833 

.00.53 

49 

H 

1 .021 

2.772 

5 


.1042 

.0092 

50 

4 

1.042 

2.916 

6 


.1250 

.0145 

51 

H 

1.063 . 

3.067 

7 

H 

.1458 

.0214 

52 

13 

1 . 08,3 

3.214 

8 

2 

. 1667 

.0299 

53 


1 104 

3.372 

9 

H 

.1875 

.0401 

54 

H 

1 . 125 

3.532 

10 


.2083 

.0522 

55 

H 

1.146 

3.701 

11 

H 

.2292 

.0602 

56 

14 

1 . 167 

3.872 

12 

8 

.2500 

.0823 

57 

H 

1.187 

4.040 

13 

H 

.2708 

.1(K)4 

58 

4 

1 . 208 

4.222 

14 

H 

.2917 

.1210 

59 

H 

1 . 229 

4.406 

15 


.3125 

.1437 

60 

16 

1.250 

4 . 598 

16 

4 

.3333 

.1688 

61 

4 

1.292 

4.993 

17 


.3542 

. 1965 

62 

16 

1.333 

5.401 

18 


.3750 

.2267 

63 

4 

1.375 

5 . 836 

19 

H 

.3958 

. 2.594 

64 

17 

1 .417 

6.291 

20 

6 

.4167 

.2951 

65 

4 

1.4,58 

6.757 

21 

H 

.4375 

.33,32 

66 

18 

1 . 500 

7.2,54 

22 


.4.583 

..3743 

67 

4 

1.542 

7.773 

23 

H 

.4792 

.4185 

68 

19 

1 . .583 

8.299 

24 

6 

.5000 

.4654 

69 

4 

1.625 

8.860 

25 


.5208 

.5151 

70 

20 

1.667 

9.444 

26 


.5417 

.5686 

71 

4 

1.708 

10.037 

27 


.5625 

.6246 

72 

21 

1 .7,50 

10.663 

28 

7 

. 5833 

.6841 

73 

4 

1.792 

11.316 

29 


.6042 

.7470 

74 

22 

1.8,33 

11.974 

30 


.6250 

.8128 

75 

4 

1.875 

12.671 

31 


.6458 

.8823 

76 

28 

1.917 

13.393 

32 

8 

.6667 

.9552 

77 

4 

1.958 

14.122 

33 


.6875 

1.0316 

78 

24 

2.000 

14.890 

34 


.7083 

1.1113 

79 

20 

2.083 

16.483 

35 

% 

.7292 

1.19.53 

80 

26 

2.167 

18.196 

36 

9 

.7500 

1.2821 

81 

27 

2.2,50 

19.990 

37 

H 

.7708 

1.3732 

82 

28 

2.333 

21.884 

38 


.7917 

1.4680 

83 

29 

2.417 

23.906 

39 

H 

.8125 

1 . 5664 

84 

80 

2.500 

26.011 

40 

10 

.8333 

1.6686 

85 

81 

2.583 

28.225 

41 


.8542 

1.7752 

86 

82 

2.667 

30.576 

42 


.8750 

1.8852 

87 

88 

2.750 

33.010 

43 

H 

.8958 

1.9992 

88 

84 

2.833 

35.558 

44 

11 

.9167 

2.1179 

89 

36 

2.917 

38.251 

45 


:9375 

2.2400 

90 

86 

3.000 

41.031 
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The Equilateral Vee Notch 

This is another form of notch that is often used, and seems 
eminently practical, for the reason that the angle may be accu- 
rately laid off with a pencil and straightedge, and because the 
head is still further increased with reference to the discharge. 
An elevation of this type is shown in Fig. 17, where it appears 
that the distance across the top and the two sides are all of 



equal length, and the two chamfered sides embrace an angle 
of 60°. 

The two formulas for the discharge, both used in computing 


table XXXIV, are as follows: 

First. When the head is given in feet, 

Q = 1.5197 (14) 

Second. When the head is given in inches, 

Q =0.003047 Va® (15) 


Taking the example just computed by the quadrantal equa- 
tions: 

^ Example. What will be the flow through an equlateral weir 
imder a head of 6| ins. (0.531 ft.)? 

When the head is given in feet, 0.531* =0.205464X1.5197 = 
0.3122, the discharge in second-feet. 

When the head is given in inches, 6.375- = 102.6125X0.003047 
=0.3127, the discharge in second-feet. 

Proportions from the nearest values found in the table will 
be found in substantial accord. 
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TABLE XXXIV 


Giving disciharge in cubic feet per second for an 
equilateral weir. 

With the head in feet, Q - 1 . 5197 ^“ ; 
with the head in inches, Q =.003047^2. 



No. 

Head. 

Discharge. 

sec.-feet 

No. 

Head. 

Discharge, 
sec .-feet 

ins. 

feet 

ins. 

feet 

1 


.0208 


46 

IVA 

.958 

1.366 

2 


.0417 


47 


.979 

1.442 

3 


.0625 


48 

12 

1.000 

1.620 

4 

1 

.0833 

.0030 

49 


1.021 

1.600 

5 


.1042 

.0053 

50 


1.042 

1.684 

6 


.1250 

fH 

51 


1.063 

1.770 

7 


.1458 


52 

18 

1.083 

1.856 

8 

2 

.1667 


53 


1 . 104 

1.947 

9 

K 

.1875 


54 


1.125 

2.039 

10 


.2083 


55 

% 

1.146 

2.137 

11 


.2292 

.0382 

56 

14 

1.167 

2.235 

12 

8 

.2500 

.0475 

57 

}4 

1.187 

2.333 

13 


.2708 

.0580 

58 


1.208 

2.438 

14 


.2917 

.0698 

59 

H 


2.544 

15 

h 

.3125 

.0830 

60 

15 


2.655 

16 

4 

.3333 

.0975 

61 

A 


2.883 

17 


.3542 

.1135 

62 

16 


3.118 

18 


.3750 

.1309 

63 

A 


3.369 

19 


.3958 

.1498 

64 

17 


3.632 

20 

6 

.4167 

.1704 

65 

A 


3.901 

21 


.4375 

.1924 

66 

18 


4.188 

22 


.4583 

.2161 

67 

A 


4.488 

23 


.4792 

.2416 

68 

19 


4.792 

24 

6 

.5000 

.2687 

69 

A 


5.115 

25 


.5208 

.2974 

70 

20 

1.667 

5.453 

26 


.5417 

.3283 

71 

A 

1.708 

5.795 

27 

H 

.5625 

.3606 

72 

21 

1.750 

6.156 

28 

7 

.5833 

.3950 

73 

A 

1.792 

6.533 

29 


.6042 

.4313 

74 

22 

1.833 

6.913 

30 


.6250 

.4693 

75 

A 

1.875 

7.316 

31 


.6458 

.5094 

76 

23 

1.917 

7.732 

32 

8 

.6667 

.5515 

77 

A 

1.958 

8.153 

33 


.6875 

.5956 

78 

24 

2.000 

8.597 

34 


.7083 

.6416 

79 

25 

2.083 

9.516 

35 


.7292 

.6901 

80 

26 

2.167 

10.506 

36 

9 

.7500 

.7402 

81 

27 

2.250 

11.541 

37 


.7708 

.7928 

82 

28 

2.333 

12.635 

38 


.7917 

.8475 

83 

29 

2.417 

13.802 

39 

H 

.8125 

.9044 

84 

30 

2.500 

15.018 

40 

10 

.8333 

.9633 

85 

31 

2.583 

16.296 

41 


.8542 

1.0249 

86 

32 

2.667 

17.653 

42 


.8750 

1.0884 

87 

33 

2.750 

19.059 

43 


.8958 

1.1542 

88 

34 

2.833 

20.530 

44 

11 

.9167 

1.2228 

89 

36 

2.917 

22.084 

45 


.9375 

1.2933 

90 

86 

3.000 

23.689 
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Measurements by a Vee notch op any Angle 

Referring again to the general formula, Q=4.287 w7’Va®, we 
see that, so long as the coefficient m remains constant, the 
discharge will be proportioned to the factor T; that is, pro- 
portioned to the tangent of ^ the angle of the notch, and the 
following general proposition may be affirmed: 

The discharge of a quadrantal weir (90®) as given in Table 
XXXIII, is to the discharge of one having a different angle, 
as 1 (tangent 45°), is to the tangent of one-half the other 
angle. 

Selecting a case that is proved by the work already done: 

Example. What will be the discharge through a vee notch 
embracing an angle of 60°, under a head of ins.? 

Disregarding for the moment the table and formulas applicable 
to this angle, we find that a quadrantal weir under this head 
would discharge 1 .4680 sccond-ieet. The tang, of 45° (| of 90°) 
is 1, the tang, of 30° (i of 60°) is 0.57735, from which by the 
proposition above stated we have the following proportion: 

1 : 0.57735 :: 1.4680 : Answer, =0.8475 second-feet. This 
result agrees with the table pre])ared for weirs of that angle. 

It is probable that as the weir angle becomes very large or 
very small the value of m would require some modification, but 
for all angles suitable for gauging purposes, the proposition as 
above stated will hold true. 


LIMITING VELOCITIES 

Generally speaking, in hydraulic work there is economy in 
using the highest practical velocity, for a smaller and less 
expensive conduit may be employed to convey any specified 
volume of water. The velocities it is possible to employ are, 
however, limited in many ways, and are often confined between 
rather narrow bounds by the strength and endurance of struc- 
tural material on one hand, and the necessary economy of 
funds upon another. Very high velocities are sometimes used 
to great advantage where the pressure is unusually heavy, as 
the size and cost of iron pipe are thus very greatly reduced; 
but as the velocities rise, the friction losses increase rapidly, 
and the mechanical wear, if the water carries even a small amount 
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of sediment, becomes a source of constant annoyance and 
expense. 

The foregoing suggests the highest i)ractical velocity for 
economic reasons; but it is quite as important, and very often 
far more difficult, to so adjust the limits in an open channel as 
to prevent an aquatic growth or an accumulation of sediment 
on one hand, and to avoid an undue erosion or cutting of the 
banks upon the other. The satisfaction and economies that 
attend the use of a self-sustaining water-way, as compared with 
one that is forever filling up, are so great that the subject should 
always receive careful attention. 

In Iron Pipes 

Mean Velocity 
Ft. per Sec. 

(1) Maximum velocities to economize material 


under heavy pressure, may run as high as. . . 18 or 20 

(2) Maximum in general work should not exceed.. 10 or 15 

(3) Maximum when head has an economic value, 

range from 6 to 8 

(4) Minimum, unless head is of great value, 

general range from 3 to 4 

In Open Flumes 

(1) Maximum on straight lines when head has little 

value. . 10 to 15 

(2) Maximum on curved lines (graduated to degree 

of curve) 5 to 8 

(3) On ordinary line, for lively work and little 

trouble. 5 to 6 

(4) Minimum in economy of material should rarely 

go below 4 

(5) Minimum in economy of head should rarely 

go below 2 

In Open Canals and Ditches 
To prevent erosion the maximum should not exceed: 

(1) Maximum in fine sand and light soils 2 to 2^^ 

(2) Maximum in ordinary sand and loam 2) to 3 

(3) Maximum in heavy sand, fine gravel and firm 

soils 3 to 4 

(4) Maximum in heavy gravel, small rock and 

tenacious soil 4 to 5 

(5) Maximum when rip-rapped, or lined with con- 

crete, etc 5 to 8 

(5) Maximum in hard rock (regarding head as 

valueless) 8 to 12 
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To scour a channel the Tninim iim must not fall below: 

Mean Velocity 
Ft. per Sec. 


(1) Minimum for fine silt and slimes to 2 

(2) Minimum for fine sand and like material 2 to 24 

(3) Minimum for heavy fine, or light coarse sand. 24 to 3 

(4) Minimum for heavy sand, or fine gravel 3 to 4 


Sewer Lines and Closed Conduits. 
To secure a self-cleansing action therein: 


(1) Minimum in all lines whose wet or working 

cross-section has an area of less than one 
square foot, about 4 

(2) Minimum in all lines whose wet or working 

cross-section has an area of more than one 
square foot, about 3 


Conduits for Water Burdened with Detritus 
To prevent undue friction and erosion: 

(1) Maximum, the wear becomes appreciable (de- 

pending somewhat on the hardness of the 
channel and character of the sediment) if 
the velocity ranges in excess of from 4 to 5 

To prevent an aquatic growth, 

(2) Minimum (depending largely on the climate, 

temperature of the water, and character of 
bottom) ranges from 2 to 3 

There are exceptions to every rule, and many might be noted 
here. Conduits that are very large or small, very rough or 
smooth, or those that are otherwise abnormal, are always except 
lions, and should be so regarded. Not alone the specific gravity, 
but the size of a particle, goes far to determine its action when 
submerged — a fact that makes the meaning of such terms as 
fine and coarse, light and heavy, somewhat ambiguous; but in 
a general way the foregoing will express the relation that velocity 
bears to the materials encountered, and the conditions involved 
in the transport and control of large volumes of water. 
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DISCUSSION OF THE FORMULAS 

PRELIMINARY REMARKS 

In the early dawn of progress, man must have observed with 
some attention the ever-present jAenomena of running water; 
and from that day to the present, a large part of his life must 
have been spent in close touch, if not in actual conflict, with 
the natural forces that are manifest in every shower that revives 
the earth, and in every stream on its way to the sea. Under 
the circumstances it is perhaps quite natural to expect that the 
forces involved in a movement so familiar would be perfectly 
understood, and that in our formulas for the flow of water we 
would long ere this have settled upon standards that would 
be very generally accepted. 

It is usually a surprise when the student learns that this 
has not been done, and he is quite too willing to regard his 
predecessors as unprogressive and far behind the times. Engi- 
neers that specialize in other lines, with but a superficial knowl- 
edge of this subject, readily conclude that all hydraulic formulas 
are more or less untrustworthy and unnecessarily involved, 
oblivious of the fact that their difficulties are largely personal, 
and are apt to assume that some simpler expression might be 
devised that would be more generally applicable, without realizing 
that these two requirements are directly antipodal. 

There is no department of engineering activity, perhaps, in 
which personal judgment, born of close observation and long 
experience, coimts for more than in the hydraulic field, and the 
call for a formula that can be used to advantage by the novice 
in hydraulic work without further investigation or experience 
is not likely to be answered in the immediate future. 

There is a vast fund of misinformation upon this subject that 
passes current with many able men both in and out of the pro- 
fession. It is a mistake to assume that there is now a large 
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amount of unassimilated material available for revising our 
formulas, that data sufficiently exact for this purpose are accumu- 
lating rapidly, or that their collection is not a slow and usually 
profitless undertaking. As a matter of fact, by far the larger 
part of these so-called data, including much that was at one 
time highly regarded, would now be rejected as not being precise 
enough for modern requirements. 

To the la3nnan it appears a simple matter to obtain the grade 
or slope of a large stream, but the experienced engineer under- 
stands that it requires much special equipment, and repeated 
measurements by a trained observer, to determine with any 
degree of correctness either the mean velocity or the actual 
slope in the channel of an ordinary river. Neither can the 
diameter of an artificial conduit be accurately determined with- 
out a more careful calibration than is generally used in the 
factory; while its practical working cross-section is likely to be 
affected by the degree of mechanical perfection in finishing and 
joining. 

All hydraulic formulas are more or less empirical in character, 
and cannot express a greater measure of refinement than was 
manifest in the experiments from which they were evolved. To 
possess any practical value for further development it is neces- 
sary that the experiments be more exact, or that they cover 
other ground, than those used in evolving the original expression. 

That our hydraulic expressions for velocity differ greatly in 
form and action cannot be denied; but there is no warrant for 
the assumption that all are more or less untrustworthy, or that 
little reliance can be placed upon the results we may obtain. 
On the contrary, a fuller investigation will show that nearly all 
the modem expressions now in general use are entirely trust- 
worthy when confined to the field from which they have been 
evolved, and that in the hands of those who imderstand their 
application will give results that for every practical purpose 
are in fair accord. 

With the foregoing remarks as a prelude, offered by way of 
explanation rather than apology, we will proceed to consider a 
few of the great number of equations that have been developed 
relating to the flow of water. 

Gravity, the value of which has been accurately determined, 
is the usual force that actuates the flow of water; but the 
influences that may tend to retard it are both numerous and 
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elusive and their action complex and involved to a degree that 
often defies a perfect analysis. 

Symbols, as generally used in modern hydraulics, will be used 
in this work to represent quantities and qualities, as follows: 


Value of Symbols as Used in this Discussion 

t;=mean velocity in feet per second. 

a = area of wetted cross-section in square feet. 

p= wetted perimeter in lineal feet. 

r= hydraulic mean depth 

A = head, or fall per unit length. 

Z== length, or distance traversed for a unit fall. 

s=sine of the angle of inclination; a unit fall divided by the 

distance, also expressed as equaling y. 

/ =fall in feet, in the old English mile of 5000 ft. (used only 
in Brandreth^s modification of Bazinas formulas). 

(7= acceleration of gravity =32.16 ft. per second (used as 
32.2). 

c = coe0icient of discharge, or of mean velocities of flow. 

Q= discharge in cubic feet per second. 

71 = a coefficient of rugosity or roughness (used only in con- 
nection with Kutter’s formula). 

OLD HYDRAULIC FORMULAS 

Very little exact information regarding the flow of water was 
available for the early writers upon this subject. We arc told 
that many unwarranted and misleading hydraulic assumi)tions 
passed current in the literature of the day, and many fallacies 
that now appear ridiculous were repeated and handed down 
without comment or correction. 

About the year 1730, Henri Pitot, by using a bent tube which 
through many modifications has since borne his name, made a 
series of current measurements that did much to separate the 
worthy from the worthless theories of the older writers. Some 
twenty years later Brahms suggested as a function of velocity, 
the ratio between the wet area and the wetted perimeter; and 
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later in conjunction with M. Ch4zy, an eminent French engineer, 


offered the following as an equation for velocity: v=c 



This expression, slightly modified and usually written v=cVrsy 
is now very generally known as the Ch6zy formula. It is predi- 
cated upon the theory that the hydraulic radius, and the sine 
of the angle of inclination, are both functions of the velocity; 
an assumption that appears to have been generally recognized 
as founded upon correct hydraulic principles, since it has 
retained its present form for more than a century. Nearly 
all formulas for velocity, both ancient and modern, are identical 
in that the value of v will vary as the square root of the factors. 
r and s, that are usually instrumentally determined, and in 
which c will appear as a coefficient whose value must be deter- 
mined by experiment. 

Though far from complete, the following list gives the value 
of c, as found, or rather as used, by a number of early authorities: 


Ch^zy 100 Blackwell 95.8 D’Aubisson 100 and 68 

Downing 100 Hawksley 96.1 Beardmore 100 and 94.2 

Leslie 100 Bartlett 95.9 Neville 93.3 and 92.3 

Taylor 100 Young 84.3 Stevenson 96.0 and 69.0 

Pole 100 Kirkwood 80.0 Eytelwein 100.0 and 93.4 


One hundred is repeatedly named in the above list as the value 
of c, partly, we may suppose, because it is a very convenient 
factor; but mainly, no doubt, because that figure is close to 
its mean value for small well-finished conduits, for large canals 
less carefully constructed, and for a wide range of streams in 
their natural bed. 

Let those who desire ajifmpZe expression for velocity adopt 
the Ch6zy formula (v=cy/rs); which, when c has a value of 100, 
may be expressed in a rule that is easily remembered, to wit: 

Rule. Multiply the square root of the hydraulic radius in 
feet by the square root of the sine of the angle of inclination; 
move the decimal two points to the right, and read the mean 
velocity in feet per second. 

That a very large proportion of the questions that arise in 
ordinary work can be closely approximated by this simple 
equation may be a surprise to many. 

Though the coefficient of flow was often used as a constant, 
that it was generally recognized as a variable is shown by the 
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number of authorities that have suggested two or more values 
other than 100 for use in the same formulas, in an effort to 
adjust their expressions to some noted change in the character 
of the channel, or to some observed condition of the flow. When 
we note that the Kutter formula (when n = .013) gives values 
for c varying from 65.6 for a pipe 5 ins. in diameter to 146.0 
for a conduit that is 20 ft. in diameter, and reflect that for 
open channels the practical range for the coefficient of flow is 
far greater than this, we can readily appreciate why the double 
values as suggested by Beardmore, D’Aubisson, Stevenson and 
others, fail as the field in w^hich they are used expands beyond 
•the range of their experimental work. 

Again, with all the authorities named, when any change in c 
is proposed, aside from being too feeble to render the formula 
generally applicable, it is sudden and abrupt from one value 
to another, and in this respect fails to harmonize with the 
fundamental conditions of the flow as we now understand them. 

MODERN FORMULAS 

We can hardly hope to express a complex proposition clearly 
with a simple formula, and for that reason all critical and trust- 
worthy equations relating to the flow of water are of necessity 
somewhat involved. Nearly all the more complex modern 
expressions for velocity can, in some way, be reduced .to terms 
of the Ch6zy formula, when it will appear that the factors 
Vy VT and Vsy all bear a consistent relation one to another, and 
that the coefficient c is really the involved factor through which 
the value of v is independently modified. To make this entirely 
clear, note that the comj)lex terms within the brackets in 
D'Arcy’s formulas (18) and (19), the term within the large 
brackets in Kutter’s formula (30), and the terms under the radical 
in Bazin’s formulas (20), (21), (22) and (23), are the only features 
in which any of these expressions differ, in short, the involved 
term in each but expresses the value of c, a coefficient of the 
flow. 

Though noted elsewhere, it is relevant here to repeat, that 
with proper equipment the value of r, which is a mefitsure of 
capacity, and the value of s, which is a measure of the slope, 
can always be determined within comparatively narrow limits. 
Upon the other hand the coefficient c is empirical in character, 
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and its value as used in the respective formulas is presumed 
at least to have been determined entirely by experiment. 

In a general way c expresses the sum of all the retarding 
influences. It is the vulnerable factor in all equations for 
velocity, and through it are introduced all serious discrepancies 
that api)ear. All other factors are relatively infallible, but c 
is always reflecting our imperfect judgment regarding the retard- 
ing effects of roughness, erratic current velocities, and a changing 
cross-section. 

The formulas of Gauchler, Molesworth, D^Arcy, Bazin, and 
Kutter have each been developed by engineers of marked 
ability and wide experience. Each of these, with others that 
are not named, are possessed of some special merit in some par- 
ticular field; and most of them are used with confidence by those 
who have made themselves familiar with their application. All 
the authorities just named have in some manner recognized the 
influence of rugosity and the effect of the hydraulic radius upon 
the flow; while Gauchler, Molesworth, and Kutter have made 
their coefficients of the flow to depend, in some degree, upon the 
grade or current velocity. * All are not equally applicable, how- 
ever, and with the possible excei)tion of Kutter, the field over 
which any of them can be confidently employed is compara- 
tively small. 

My preference for the formulas of D'Arcy, Bazin, and Kutter 
is due in part, no doubt, to my having used them in my practice 
since the appearance of Flynn’s work; but a further incentive 
ifor their selection for computing the tables previously' given will 
be found in the practical and comprehensive series of tabulated 
factors that his work contains. 

His Flow of Water in Irrigation Canals ” has, I understand, 
been out of print for a number of years, and it is no longer an 
easy matter to obtain a coi>y. The saving, however, in both 
time and energy that may be effected by using his factors in 
all computations that involve either the D’Arcy, the Bazin, or 
the Kutter formulas is so great that I hope the profession may 
again find his work available at a price that a young engineer 
can afford to pay. 

I am under numerous obligations to many hydraulic authori- 
ties, but I feel doubly indebted to Mr. Flynn; not alone for his 
tables, that have greatly facilitated my work, but for a rich fund 
of hydraulic infonnationi and for his very complete collection 
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of velocity equations, together with many interesting and 
suggestive modifications thereof, from which I have gleaned 
generously for the formulas and comparisons that follow. 


THE D^ARCY FORMULAS FOR IRON PIPES 
RUNNING FULL 


The D’Arcy formulas were developed from carefully con- 
ducted experiments by an eminent authority, under conditions 
that inspire unusual confidence in their ai)plication to all problems 
that come with the range of his wwk. D^Arcy’s experiments 
were, however, condu(^ted upon pipes that were generally 
between 3 and 20 ins. in diameter. It has always been a matter 
of general regret that his work did not include conduits of larger 
capacity and a wider range of roughness. Other workers have 
since confirmed his coefficients for pipes of larger diameters, and 
many engineers prefer to use his formulas, and regard them as 
trustworthy, for pipes that are 5 ft. or more in diameter. 

The D^Arcy formulas for velocity, as presented by J. B. 
Francis for measurements in feet, and given on pages 221 and 
222 of Flynn’s w^ork, are as follows: 

For clean cast-iron circular pipes when running full. 


/ UMh yA 
\.00371(12(i+l)/ ’ 


For old cast-iron circular pipes when running full, 
/ lUfPs \ A 
\.0082(12d+l)/ • • • • 


(16) 

(17) 


At the reference just given will also be found Flynn’s 
method of reducing the foregoing to the forms that follow: 

For clean cast-iron circular pipes when running full, 



For old cast-iron circular pipes when running full, 
/70243.9(A^v. r- 

'“(tm+t) <“> 


These equations were used by Mr. Flynn in compiling the 
tables from which I have taken the values of cy/r^lov computing 
the two D’Arcy fiowage Tables I and II. 
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D’Arcy anticipates but two degrees of roughness and pre- 
sents a distinctive formula for each degree. It follows that the 
field within which either can be reliably employed is quite 
limited, while the abrupt change from one formula to another 
does violence to our ideas regarding the influence of roughness 
in a gradually deteriorating pii)C line. 

On referring to formulas (18) and (19), it will appear that the 
coefficient c (the term within the brackets), will not change 
except as the value of d is changed, that is, D^Arcy^s coefficients 
are made to dej)end entirely upon the diameter. It will further 
appear that the factor +1, in the denominator, will have but 
little effect upon the result unless the diameter be small, some- 
thing less than 1 ft. we may say. In other words, the D’Arcy 
velocity curves do not curve appreciably unless the value of d 
be very small; that for diameters of 4 or 5 ft. the curvature is 
very slight, while for diameters greater than 10 ft. the influence 
of the factor +1 becomes negligible and the curve becomes for 
every practical i)uri)ose a straight line. This action of the 
D’Arcy formulas will be confirmed by comparing his values of 
c for the several values of r as shown in Table XXXV, while a 
close inspection will detec^t this feature manifested graphically in 
the Charts I, II, III and IV, as they appear in the Appendix. 

Nor are the D’Arcy coefficients affected in any way by the 
velocity of the current or the slope of the channel, that is, his 
values of c are the same for all values of s. For this reason 
his formulas are not generally regarded as applicable to pipes 
of large diameters or to conduits of great capacity. 

In the realm of small pipes, however, or for medium-sized 
closed conduits with but a moderate degree of roughness, 
D’Arcy^s coefficients have unquestioned experimental confirma- 
tion, and in this particular field most hydraulic engineers regard 
his fonnulas as more reliable than any other. 


THE BAZIN FORMULAS FOR SMALL OPEN CHANNELS 

D'Arcy and Bazin were associated to some extent in their 
experimental work; but the name of the latter is more intimately 
connected with the four following equations for velocities in 
small open channels, and which are generally known as the 
'Bazin formulas: 
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For even and fine plastered surfaces, planed planks, etc., 

i; = -^ 11 - 4 - .0000045(10. 16 XV^. . . ( 20 ) 


For even surfaces, brickwork, cut stone, unplaned plank, etc., 


ti* y|l -5- .0000133 ( 4 . 354 +^j XVra. . . (21) 
For slightly uneven surfaces, rubble masonry, etc., 

t,= -^IH- .00006 ( 1 . 219 +^^ XVto. ... (22) 
For uneven surfaces, channels in earth, etc., 

,, = .00035 (o.2438+^^ xVt^. . . . (23) 


Of the foregoing, Mr. Flynn remarks that with small open 
channels in earth of less than 20 ft. bed width and in good order, 
Bazin's formula No. 23 has given very fair results; and that 
tables based upon it have been used by the Irrigation Depart- 
ment of Northern India for velocity computations in distributing 
channels with success. This particular formula, as applied to 
channels of moderate width (bed widths of 20 ft. or less) appears 
to have received an unusual amount of experimental confirma- 
tion, and Mr. Flynn gives a velocity and discharge table which 
was computed for the Panjab Irrigation Dei7artment by Captain 
Allen Cunningham, R.E., by a modification of Bazin's formula 
(23) given by Captain A. B. Brandreth, R.E., for channels in 
earth. 

I have followed Captain Brandreth’s method as given on page 
16,* of Flynn's work, in reducing the first, second, and third 
forms of the Bazin formulas to the forms that follow: 

For even, and fine plastered surfaces, planed planks, etc., 


V 


2r 

V.09-|-.9144r 


xVf. 


(24) 


* Should reference be used the reader should be on guard, as three 
serious typographical errors appear on this page, though the general result is 
correctly stated in the first equation near the top. 
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For even surfaces, brickwork, cut stone, unplaned planks, etc., 

2r 


V = ‘ 


xVf. 


■\/.266+1.1682r 
For slightly uneven surfaces, rubble masonry, etc., 

Vl.2+1.4628r 

For uneven surfaces, channels in earth, etc., 

rXVT^ . . . 


2r 


\/7.0+i.7066r 


(25) 


(26) 


(27) 


These formulas have been used for computing Tables XIII, 
XIV, XV, and XVI, respectively. 

These modifi(;ations do not change the action of the formula 
in any respect, nor do they in any manner affect the results 
obtained. My computations for the tables have, for the most 
part, been confined to the channel dimensions confirmed by the 
Panjab experiments on formula (23), but for the sake of securing 
a comparison with Kutter over a wider field, I have, for the 
tables and charts in the Appendix, extended them far beyond 
the limits covered by Bazin’s experiments, and beyond the range 
within which the formulas are supposed to be applicable. 

The Bazin formulas anticipate but four degrees of roughness, 
which restricts their application to a limited range of surface 
eonditions, and, as with D’Arcy, the degrees change suddenly 
from one value to another, and thus fail to harmonize with the 
theory that resistance gradually increases as the inclosing walls 
become rougher. 

Turning now to the formulas (20) to (23) inclusive, it will 
clearly ayjpear that the coefficient c (the term under the radical), 
will not change except as the value of r is changed, that is, 
the Bazin coefficients are made to depend entirely upon the 
hydraulic radius. It will be seen further that his coefficients 
will not be affected by any change in the current velocity nor 
by any change in the slope of the channel, a feature that in the 
estimation of nearly all hydraulic engineers would prevent his 
formulas, like those of D’Arcy, from being generally applied to 
channels of large capacity or lines having any considerable 
grade. 
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With the Bazin formulas it is far more difficult than with 
those of D^Arcy to follow the effects upon c of any change made 
in the value of r, nor is it easy to trace these effects in the value 
of the coefficients as given in Tables XXXVI and XXXVIII. 
These effects are, however, fairly reflected in the velocity curves 
shown in Chart XXI, where the action of the respective formulas 
may be readily traced. It is not altogether fair, perhaps, to 
discuss the working of an equation far beyond its reputed radius 
of action, as I am doing, but it is of interest to note that formu- 
las (20) and (21) each develop a slight and even curve with 
the concave side toward the ordinate axis, that the curve of 

(23) at no point departs very far from a straight line, but is 
somewhat erratic in that it is twice reversed, while equation 

(24) develops a line that departs further from a straight line 
and presents greater curvature than either of the others, with 
its convex side to the axis of ordinates. 

It thus appears that of the four Bazin formulas, his fourth 
form (24), the one that comes most highly recommended and 
claims extensive experimental confirmation, develops the 
most erratic velocity curve. 

A bed width of 20 ft. is named as a limit within which this 
expression has been successfully used. As Bazin’s coefficients 
are made to depend upon the value of r, it would be more 
logical at least to define the limits in terms of the hydraulic 
radius. No special depth is mentioned, but I translate the 
expression as meaning that, in the experimental work referred 
to, the value of r did not exceed about 2 ft., or the value of 
-\/r about 1.4 ft. 

The velocity curves, as they appear in the chart, seem to 
indicate that this limit is quite high enough for his fourth form 
(24), but I can see nothing therein to prevent the application 
of his third form (23), to channels whose hydraulic radius is 
greater than 2 ft.; in fact Bazin’s formula (23), and Kutter’s 
formula, when w = .017 and 5 = .0003 (the values used in com- 
putations for chart 21), might be used indiscriminately, but it 
must be remembered that Kutter will develop a different value 
for c for every change in the value of while the Bazin coeffi- 
cients will remain unaltered. 

Bazin’s first and second forms, (20) and (21), ostensibly 
designed for open channels, seem to contemplate a degree of 
roughness (or, rather, smoothness), that is seldom found in 
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conduits of this character. The range through which they, 
or either of them, can be used for open channels in earth is 
really very narrow. 

In spite of all strictures herein noted, and in spite of the 
liir itations placed about the Bazin formulas, his equations of 
the third and fourth forms, (22) and (23), may be regarded as 
fairly trustworthy when applied to open channels in earth of 
moderate dimensions, with but the ordinary range in rough- 
ness, and with such slopes as are generally employed in such 
work — limitations, by the way, that do not exclude by far 
the larger part of all hydraulic work that comes to the mining, 
the agricultural, or the irrigation engineer, 


KUTTER^S FORMULA 


While the formulas that have been offered by D'Arcy, Bazin, 
Fanning, Humphrey and Abbot, Kutter, and other eminent 
authorities, are all fairly trustworthy when used within the 
field from which they have been evolved, and while nearly all 
possess some feature of special merit, the only one appearing as 
at once generally applicable, as sufficiently reliable, and yet not 
too involved for ordinary professional service, is the expression 
developed by Ganguillet and Kutter, and now familiarly known 
as Kutter’s formula. 

Kutter’s formula for c, a coefficient of flow, when adapted 
for metric measurements, is as follows; 


1 + 23 + 5 ^ 


(28) 


Kutter's formula for c, a coefficient of flow, when adapted 
for measurements in feet, is as follows: 


1.811 . ^ , .00281 
— h41.6H : — 


1 + 


(41.1 


, , .00281\ n ' 


. (29) 


Kutter’s formula for velocity, when adapted to measurements 
in feet, is as follows: 
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V 


1.811 



.00281 


.00281 \ // 



(30) 


The labor involved in developing this expression cannot be 
appreciated without following the authors closely in their 
original work, a step that is now rendered possible for English 
students through a translation made by Rudolph Hering and 
John C. Trautwine, Jr., published in 1889 by John Wiley & Sons, 
New York. 

This labor involved much careful research through a vast 
amoimt of original data, the critical analysis of considerable 
doubtful and disconnected experimental work, and the rejection 
of such material as was not considered sufficiently exact or en- 
tirely reliable; all this, in simply preparing for the task they 
had undertaken. 

Their methods are too involved to be abridged with any 
degree of satisfaction, nor can their discussion be readily fol- 
lowed without some knowledge of advanced mathematics; 
but as one reviews their work, he is impressed by their evident 
qualifications for the task, and by the logical character of their 
deductions, while his convictions are strengthened regarding 
the practical value of the formula developed. 

The efficiency and sensitive flexibility of Kutter^s formula 
in responding to changing conditions, that make its application 
over so large a field possible, are largely secured by a full appre- 
ciation of the influence that surface roughness exerts upon the 
flow, and by the introduction of a special and variable factor n, 
whose graduated value should express the degree of surface 
rugosity presented by the walls of the conduit or channel. 

The problem of developing such a factor was first attacked 
by dividing the great variety of channels upon which reliable 
data could be obtained into twelve classes, arranged with 
reference to their surface roughness, and later determining by 
calculation and comparison numerical values for the influence 
of roughness, which when substituted in the formula would 
represent its effect for the channels that belonged to each par- 
ticular class. These numerical coefficients, or values of n, were 
then set forth in tabular form (see table on pages 12 and 13), 
with such a description appended to each as would serve to 
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define the channel characteristics from which it had been 
derived. 

This special factor for roughness, as used in the Kutter for- 
mula, is wholly empirical in character, and its value cannot 
be instrumentally determined. Its selection is exclusively a 
matter of judgment, after ah inspection of the character and 
condition of the water-way, and a proper estimate of its value is 
often a troublesome task. 

The influence of n upon the value of c in the formula is usually 
quite pronounced and is always inverse; that is, as the value of 
n is increased, that of c is decreased, and the velocity is dimin- 
ished. 

The factor r, which symbolizes the hydraulic radius, is usually 
a measure of the capacity of a conduit, and its effect upon c is 
always direct; that is, as r is increased, the coefficient of the flow 
c and the mean velocity are increased, and as r is decreased they 
are both diminished. It is the square root of this factor that 
is used in the formula, wherein it makes a double appearance, 
first in determining the value of o and again for obtaining the 
mean velocity. The square root of r, more often probably 
than any other, factor, appears to dominate in the results ob- 
tained by the formula. 

The factor « makes a triple appearance in the Kutter formula, 
twice in obtaining the value of c, in which its influence is com- 
paratively slight, and again when its square root performs an 
important function in determining the mean velocity. Its 
influence upon c, though regarded as important, is somewhat 
paradoxical, from the fact that its effect is greatest when its 
own value is least. Its influence on c diminishes as it is increased 
until it becomes negligible on all slopes greater than 1 in 1000 
or when s has a value as great or greater than .001 ; indeed the 
influence of s upon c is trifling on all slopes greater than 1 in 
2000, or when s is greater than .0005. A further peculiarity 
in the action of a appears in that, for all values of r less than 
3.281 ft.* its diminution diminishes the value of c; while for 
all values of r greater than 3.281 ft. a diminution of s increases 
the value of c. 

Without large experience with the formula, it will be no easy 
matter for the reader to follow the relations of the Kutter fao- 

^ The numeral 1.811 in our formula is the square root of 3.281 ft.» or 
1 meter as used in Kutter's original expression. 
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tors through the cold and cloudy statement of facts as above 
given, but if further interest attaches to this branch of the sub- 
ject, the student is referred to an article in the Appendix and to 
Tables XXXV, XXXVI, XXXVII, and XXXVIII, in which 
values of c, n, s and v have been systematically arranged for 
comparison. 

The Kutter formula is no doubt far from perfect, but it has 
received an unprecedented amount of experimental confirma- 
tion, over a wider range than has ever before been attempted, 
with results that are regarded by the best authorities as fairly 
satisfactory. As Kutter’s data were generally drawn from 
experiments upon large conduits and open channels, cautious 
engineers have questioned the reliability of his formula when 
applied to closed pipes of small diameter. In this particular 
field many engineers are inclined to foUow D^Arcy (see article 
in the Appendix above referred to), but in every other depart- 
ment Kutter seems to be preferred by a large majority. 

I have not hesitated in expressing a preference for Kutter, 
but if in the foregoing pages I have at times appeared to assume 
that results that did not agree with him were necessarily in error, 
I wish to remark that my technical equipment nor my practical 
experience have neither been of a character that would entitle 
me to an independent opinion upon many matters of which I 
have written. My opinions have no academic significance and 
my comparisons are in all cases just what my computations have 
made them appear. 

I do not regard Kutter^s curves as a standard except as a basis 
for comparison, nor do I contend that his results are always 
more exact than others’; yet, after the foregoing study of his 
factors in action, after noting the sensitive manner in which his 
formula responds to every change in channel conditions, and 
after observing the regular and consistent traverse of his velocity 
curves over the entire range as they appear in Chart XXI, I think 
we have many reasons for regarding with suspicion any equation 
that does not produce a curve that is closely parallel, at any 
rate, with those developed by Kutter. 

Mr. Flynn, in his Flow of Water in Irrigation Canals, etc.” 
(pages 213 to 216 inclusive), proposes a modification that greatly 
simplifies all operations by Kutter’s formula and deserves more 
than passing attention. It may be confidently used in the field 
it is intended to coverj whiofa. will embrace all medium-sized 
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conduits, on the slopes most frequently employed — very large 
per cent indeed of all the channels, pipes, and conduits that are 
in ordinary use. At the risk of working an author beyond pro- 
fessional limits, I will close my discussion of Kutter by pre- 
senting Flynn’s modification, which is quite too practical 
and efficient to remain buried in a work that has for years 
been almost unobtainable. 


FLYNN’S MODIFICATION OF KUTTER’S FORMULA 


Regarding this, Flynn observes in substance: since the 
influence of s on the value of c may be neglected on all slopes 
greater than 1 in 1000, and since for flatter slopes even up to 
1 in 2640, its effect is too small to change the result materially; 
it is possible to make a modification of Kutter’s formula that 
will give results near enough for all practical purposes, on pipe 
lines of the size and character generally employed in municipal 
work, and for such slopes as are ordinarily given. (See page 
213.) 

In illustrating the proposed modification, Flynn assumes 
an instance where the slope is 1 in 1000, s = .001, and n = i)13; 
and substitutes these values in Kutter’s formula No. 29, when we 
have; 


41.6-1 


c=- 


1.811 , .00281 
.013 .001 


1 + 




. . (31) 


Reducing the above we obtain: 


c = - 


183.72 


1 + 




(32) 


On inspecting equation (31), it becomes evident that the value 
of the numerator will be affected mainly by the value assigned 
to n, and very slightly, if at all, by such values as are usually 
given to s. It will further appear that the term within the brack- 
ets of the denominator will never differ greatly from 44.41; as 
it appears in equation (32) after its reduction. (Page 216.) 

In proceeding, Mr, ilynn says: If we call the numerator 
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on the right hand of the equation K, for any value of n we 


have ” : 


and, 


K 


l+(44.41X^)’ 


. . (33) 



Here we have a modification of Kutter's formula for obtain- 
ing the numerical value of c that is simjiler in fonn, and more 
easily applied than any velocity expression heretofore presented. 
P'urther, it is sufficiently accurate for most ])ractical purposes, 
and may be applied with confidence to the character of circular 
pipes, or closed conduit, that are most frequently ernyiloyed in 
municipal work. I have reworked and checked the following 
table of values of X, for substitution in equation (34), over 
practically the same range of n as given by Mr, Flynn. 


TABLE OF VALUES FOR K 


n 

K 

" 

K 

n 

K 

n 

K 

.009 

245.63 

1 .013 

183.72 

.017 


.021 

130.65 

.010 

225.51 

.014 

177.77 

.018 

145.03 ! 

.022 

127.73 


209.05 

.015 1 

165.14 

.019 

1.39.73 

.023 

123.15 


195.33 

.016 j 

157.60 

.020 

134.96 

.024 

119.87 


Example, Assume that the diameter of a pipe is 2 ft. 
(\/r~*707), that 7i = .013, and s = .002, (\/if ==.044721), then we 
]^ve: 


V 



XJ07X. 044721 =3.1977 ft. 


(35) 


Operation: 

.013 .707 = .018387 X44.41 = .816567+1, 

then, 

183.72-M.816567=101.1358X.707= 71.503X.044721=3.1977=v. 


By the formula we obtain i; =3.1971. Even though the slope 
be reduced to 1.056 per mile, which is far below the limits named 
above, the value oi c is reduced less than 5 per cent below 
that obtained by using the unmodified form of Kutter. 
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APPENDIX 


My main object in constructinfi; the charts that follow has 
been to secure a fair comparison of the formulas used in com- 
puting the flow^age tables, when applied to a systematic grada- 
tion of channel capacities, with a broad variation in the angles 
of inclination and a wide range in the degrees of roughness 
employed. That this purpose might be more fully accom- 
plished, many of the curves have been extended outside of 
the practical field and beyond the limits within which it was 
intended the formula should be used. Though it is often 
possible to obtain velocities direct from the charts, they are 
not at all comi)rehensive for this puri)osc and they should not 
be regarded as velocity plats; moreover, as all velocities in the 
field where any of the formulas arc regarded as ai)plicablc 
can be obtained from the tables with a greater degree of accu- 
racy, the necessity of using them for this ])ur])osc seems obviated. 

The charts have all been constructed ui)()n the same gcnc'ral 
plan; the values of Vr have been j)lotted vertically and the 
respective velocities, under the conditions assumed, have been 
plotted horizontally. Charts 1 to XII comi)ar(i the velocities 
obtained when the Kutter and D’Arcy formulas arc applied 
to closed circular pipes when running full or under pressure. 
Charts Xlll to XX compare the velocities obtained when the 
Kutter and Bazin formulas arc a|)plied to of)cn channels, with 
varying slopes and different degrees of roughness. 

In Chart XXI, the seralc had be^en reduced to compare the 
velocities obtained by the D'Arcy, the Bazin, and the Kutter 
formulas over a wide range of values for r, regardless of whether 
the application be made to an of>cn channel or a clos(?d con- 
duit. In Chart XXII the horizontal scale has been doubled, 
so that the velocity curves, which are somewhat confused in 
the upper part of Chart XXI, may be more readily traced. 
The comparison is interesting, though in making it I take an 
unwarranted liberty with both the D^Arcy and Bazin formulas 
by using them beyond the field they were designed to cover. 

The grade or fall, the degree of roughness assumed, and the 
value of the are all so distinctly marked upon each chart, 
together w;ith all data essential for construction, that any 
further description or explanation thereof seems superfluous. 

But a chart of the velocities obtained, though graphic and 
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quite practical for many purposes, does not exhibit the precise 
action of a formula with reference to the coefficients of flow. 
A comparison of the respective values which they give for the 
factor c is a more direct and logical method of proceeding, and 
it is with this fact in mind that tables numbered from XXXV 
to XXXVIll inclusive have been prepared. 

Table XXXV comi)ares the value of c as given by the Kutter 
and D^Arcy formulas, for fifteen graduated values of r, with 
si)ecial reference to the influence of rugosity upon the results. 
Note that D’Arcy anticipates but two degrees, while Kutter 
may be graduated to any desired value in cither direction. 
Note further that D^Vrey’s coefficients increase but slightly 
if at all beyond the limits of this table, while Kutter’s will con- 
tinue to increase, though with a diminishing ratio, as the size 
of the conduit is increased. 

Table XXXVI compares the value of c as given by the Kutter 
formula (when s = .0003 or a fall of 1.584 ft. i)er mile), with 
those obtained by the four formulas of Bazin, when applied 
to open channels. The coefficients of Bazin and D’Arcy are not 
affected by the sloi)e and remain unchanged for all values of .s. 

Table XXXVll comi)ares the value of c by D^Any's two 
formulas, and Table XXXVIll compares the value of c l)y 
Bazin’s four formulas, with those obtained by using Kutter 
for equivalent values of r with special reference to the influence 
of s in modifying the value of Kutter’s coefficients. The degrees 
of roughness assumed for comparison are purely arbitrary, but 
in a general way the values are in fair accord with the descrip- 
tions of rugosity as given by the authors. The sensitive flex- 
ibility of Kutter’s formula in responding to every change in 
slope, as comi)ared with the rigidity maintained in all the 
equations of D’Arcy and Bazin regarding the influence of s, 
becomes vividly apparent in the two tables last named. 

It will be noticed that when Vr=:1.8 Kutter’s coefficients 
are very nearly constant. (1.811 is the square root of 3.2809, 
which is one meter expressed in feet, a quantity that appears 
as unity in his original equation, thus making ail values for 
c constant for this value of r). Note also that when Vr is less 
than 1.811 the value of c decreases as the slope is diminished, 
and that when VT is greater than 1.811 a decrease in the slope 
angle increases the value of c. This, I believe, is a feature 
peculiar to the Kutter formula. 
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The reversed functioning of s as above noted has never 
been accepted as entirely satisfactory by many hydraulic en- 
gineers, and indeed it seems to have been regarded by Kutter 
as rather a tentative expedient, advanced by him in an effort 
to adjust his formula to certain variations in velocity that his 
researches had compelled him to recognize. In this connection 
he candidly states that the cxi)erimental data availal)le are 
not sufficient^ for a critical analysis, and it is almost the only 
l)oint in an exhaustive discussion in which he appears to be 
questioning his own deductions. 

Until quite recjently the influenc^e that eddy currents, or what 
has been aptly termed the vorlvx movemvnls^ may at t imes exert 
upon the flow has never been generally rec^ognized, nor do 1 
think that this feature is yet receiving the attention that its 
importance really demands. Fortunately, perhaps, in arti- 
ficial channels the disturbance from this cause is relatively 
slight, and may usually be neglected with imi)unity. There 
are conduits, and there are stages of water in many streams, 
in which counter currents, or so-called vortex movements, 
become the dominant resisting force. The action is most con- 
spicuous at a high stage of water in large streams with light 
gradients, in which more head is often dissipated in overcoming 
the adverse eddy currents than is consumed in the bed, bank, 
and air resistance all combined. That Kutter did not entirely 
overlook this influence is shown by the fact that he specifically 
mentions adverse currents, together with bends, an irregular 
cross-section, and roughness of the walls as conditions that 
combine to retard the flow. 

The forces involved in a vortex movement are extremely 
illusive and their influence seemingly defies analysis. No sys- 
tematic experiments have ever been conducted along this line 
so far as 1 am informed. It seems obvious, however, that, 
they are but indirectly related to the slope, that they are very 
largely independent of capacity, and that they are not depend- 
ent upon surface roughness in the sense in which we have been 
using that term. It is equally obvious that they will depend 
very largely upon surface irregularitiea, rather than surface 
roughness, and that they will be more closely related to velocity 
than to any other function in the formula. It seems quite 
impracticable to insert a function of velocity on the terminal 
side of a velocity formula, all of which leads to the conclusion 
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that their influence must, for the present, at any rate, be 
included in our estimate for roughness, or value that we assign 
to the factor n, for each individual case as presented. 

A chapter might be devoted to the subject of eddy and 
counter currents, but space docs not permit this, aside from 
the fact that a i)Ocket hand-book should not be encumbered 
with matter of this character. This digression is intended 
to direcit attention to a class of retarding influences that at 
times becomes very active without attracting general attention; 
a class of infliKiiKiCs that, as the formula is constructed, can 
be recognized only by increasing the factor for roughness, as 
the vortex movements become more active^ beyond the value 
which the same conditions would otherwise require. 

It is quite iinj^ossiblc to ex])ress in a single equation the 
complex conditions of flow without introducing so many factors 
that the formula becomes too involved for general use. Kutter 
and Ganguillct seem to have reached the practic^al limit in 
this direction, if they have not, in fact, gone somewhat beyond it. 

Kutter\s formula is doubtless far from i>erfect in many respects, 
yet in one particular only, so far as I am able to discover, do 
carefully conducted experiments indicate that his expression is 
not as accurate and trustworthy as any here discussed, the 
exception being in the field of small conduits, when the hy- 
draulic radius is less than 0.25 ft., when for reasons already 
given (see page 151), D^Arcy is generally preferred. 

It is of interest to note that many engineers quite ingeniously 
adapt Kutter for use upon conduits of small capacity, by 
decreasing his coefficient n below that whi(;h his description of 
surface roughness would indicate should be emy)loyed. To 
illustrate, refer to Velocuty Charts I, II, III, and IV, and note 
that at diameters of about 14 ins. the velocity curves of D^Arcy 
for clean cast-iron pipe is in accord with those of Kutter when 
w = .011, and that those of D’Arcy for old cast-iron pipe is in 
accord with Kutter when n = .016. Note further that at diam- 
eters of 7 ins., in order to accord with D'Arcy^s curves, Kutter’s 
n must equal 0.010 and .0135 respectively, and that at a 
diameter of 4 ins. his n must equal 0.009 and 0.012 respectively 
in order to accord with D'Arcy's experiments. 

The method is arbitrary, and the illustration may overstate 
the requirements somewhat, as much depends on the slope 
and velocities under consideration, but the point I wish to 
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advance is this: that the flexible gradations of Kutter^s factors 
may be retained, while the results arc forced to accord with 
D^Arcy^s experiments upon pipes of small diameter, by using 
a diminishing factor for roughness as the value of r is decreased. 

It will be understood that many of the foregoing remarks 
are expressions of a personal opinion only, that they are ofTcred 
without a pretense of ex])erimental verification, that they arc 
largely suggested by an intuition that accrues after years of 
rather attentive observation, and are advanced in the hope that 
some of them may assist, at times w^hen the conditions arc some- 
what unusual, in selecting a workable value for Kutter’s grief- 
laden factor for roughness. 

There arc good reasons for regarding some of the other 
formulas as less complex than KutUir’s, and at one time it w^as 
doubtless true that com])utations could be more easily made 
by using them, but with the many tabl(\s that an; now pub- 
lished to siiiifdify such w^ork, and ])articularly sinen; the ap- 
pearan(;e of Flynn’s tables of coefficients and fa(;t()rs, it appears 
to me that all velocity problems are more readily solved by 
Kutter’s formula rather than by any other here mentioned. 

The surprising discrepancies that so often appear, when 
different formulas are employed for the solution of the same 
j)roblem, are naturally very disconcerting to the novice in 
hydraulics. The exi)crienced engineer w(;ll understands that 
they arc largely due to a difference in the degree of roughness 
assumed, but their persistent, frequent and unexpected recur- 
rence — which the oldest in the i)rofession often exyieriencc — 
does not tend to establish that unquestioned confidence in our 
hydraulic equations that old practitioners would like to enjoy. 

Banishing for the moment all critic.al comments, at any 
time so easily made, we must in candor admit that a large 
majority of the more modern hydraulic equations are far more 
infallible than our personal judgment in estimating the vari- 
able factors that w^e are required to substitute therein in using 
them. Close analysis and a few candid comparisons w ill reveal 
the fact that they arc exact to a degree well within the limits 
of our personal abilities. What more can we demand of an 
empirical formula? What more can one accomplish for us? 

In conclusion, I may say that in my estimation Kutter’s 
formula very fairly represents the sum of our present experi- 
mental knowledge in the field of hydraulics. 
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TABLE XXXV.— KUTTER AND D’ARCY FORMULAS 

Applied to Circular Pipes Running Full 


Comparing the coefficients of flow, or values of c, with special reference 
to the influence of roughness upon the results. 


Diam 

ft.ins. 

vT 

foot 

Kutter, when s = .001 =5.28 ft. per mile 

D’Arcy 

n = 

.010 

n — 

.011 

n = 
.012 

n = 
.013 

n = : 
.015 

n = 
.017 

n = 
.020 

n = 
.025 

New 

Clean 

Iron 

Pipes. 

Old 

Cast- 

iron 

Pipes. 


1 

.14 

55.2 

47.6 

41.2 

36.7 

27.4 

24.2 

18.8 

13.4 

80.6 

54.2 


2 

.20 

71.0 

61.6 

54.1 

48.0 

38.7 

32.1 

25.2 

18.1 

92.9 

62.5 


3 

.25 

81.2 

70.8 

62.4 

55.5 

45.1 

37.6 

29.6 

21.5 

98.5 

66.2 


5 

.33 

95.3 

83.5 

74.0 

66.2 

54.2 

45.4 

36.2 

26.4 

103.2 

69.4 


7 

.38 

104.1 

91.7 

81.5 

73.2 

60.1 

50.7 

40.5 

29.9 

106.4 

71.6 


9 

.43 

111.1 

98.0 

87.3 

78.7 

64.9 

54.9 

44.1 

32.7 

107.9 

72.6 

1 


.50 

119.5 

105.7 

94.6 

85.3 

70.8 

60. 1148. 6i 

36.8 

109.3 

73.5 

2 


.71 

138.5 

123.6 

111.3 

101.1 

85.0 

73.059.81 

45.5 

111.5 

74.9 

3 


.87 

149.0 

133.6 

120.8 

110.1 

93.3 

80.6166.6 

51.1 

112.2 

75.5 

5 


1.12 

101.4 

145.4 

132.3 

121.1 

103.5 

90.1 

75.2 

58.7 

112.8 

75.9 

8 


1.41 

171.6 

155.4 

141.9 

130.5 

112.3 

98.4 

82.9 

65.5 

113.2 

76.1 

12 


1.73 

179.5 

163.0 

149.3 

137.7 

119.2 

105.1:89.2 

71.2 

113.3 

76.2 

16 


2.00 

184.5 

168.0 

154.2 

142.6 

123.9 

109.6 

93.5 

75.1 

113.4 

76.3 



2.24 

188.1 

171.6 

157.7 

146.0 

127.2 

112.8 

96.6 

78.1 

113.5 

76.4 

25 


2.50 

191.5 

174.9 

i 

161.0 

149.2 

130.4 

I 1 I 6 .O 

1 

99.6 

80.9 

113.6 

i 76.4 


TABLE XXXVI.— KUTTER AND BAZIN FORMULAS 

Applied to Flumes and Open Channels 


Comparing the coefficients of flow, or value of c, with special refer- 
ence to the influence of roughness upon the results. 



Kutter, when » = 
1 . 584 ft 

.0003 or a fall of 
. per mile 

Basin 

\V 


When the values of n = 







- 


— 

- - — 

— 

— 

1st 

2d 

3d 

4th 

fi^et 

.010 

.012 

.015 

.017 

.020 

.025 





.39 

101.1 


58.4 

49.3 

39.4 

29.1 

115.7 

83.5 

46.7 

20.7 

.51 

115.9 

91.6 

68.6 

58.2 

47.1 

35.2 

125.8 

95.6 

57.3 

26.4 

.72 

135.8 

109.6 

83.2 

71.4 

58.5 

44.6 

135.5 


72.7 

36.2 

.97 

151.8 

123.5 

95.7 

82.9 

68.8 

53.2 

140.7 

117.7 

85.3 

46.6 

1.16 

161.3 

132.1 


90.1 

75.3 

58.8 

142.9 

121.5 

92.2 

53.8 

1.37 

169.3 


110.3 

96.5 

81.2 

64.0 

144.2 

124.1 

97.6 

60.8 

1.57 

175.1 

145.2 

115.4 

101.4 

85.7 

68.0 

mnmn 

125.6 

101.2 


1.70 

178.6 

148.6 

118.5 

IIIIK! 

88.5 


145.5 


103.3 


1.83 

181.6 

151.4 

121.2 

107.0 

91.0 

72.8 

145.7 

127.1 


72.6 

1.97 

184.4 

154.1 

123.7 


93.3 

76.0 

146.1 

127.7 

106.3 

75.5 

2.12 


156.7 

126.2 

111.8 

95.6 

77.1 

146.3 

128.2 


78.3 
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TABLE XXXVIL— Kir'rrEll AND D’ARCY FORMULAS 

Applied to Ciucular Pipes Uunninq Full 


Contrasting the pronounced and peculiar influence of s, upon c, in 
Kutter’s formula, with the slight effect of D’Arcy’s feeble and vanishing 
numerical increment. 

Sine of angle of inclination is writt<‘n al)ov»*. 

Below in parenthesis the fall in fc'et per mih*. 


I 


i 

1 

vr 

feet 


Kuttor, wdien a =.011 


I )’.\rey 

.00005 

(.204) 

.0001 

(.528) 

.0003 1 

(1.58) 1 

.(M)l 

New 

Ca.st- 

irtin 

Pijie. 

.5 


92.5 

101.0 

105.7 ; 

109.28 

.6 

94.0 

102.9 

111.5 

115.2 

110.59 

.7 

io:i.5 

111.8 

119.7 

123.1 

111.40 

.8 

HI. 9 

119.0 

120.8 

1 29 . S 

111.94 

1.0 

120.4 

132.0 

1 138.2 

! 140.4 

1 

112.58 

1.2 

138.4 

143.0 

140.9 

1 148.0 

112.93 

1.5 

152.8 

155.1 

150.9 

1 1 57 . 7 

113.22 

1.8 

104.3 

104.3 ! 

104.4 ! 

! 104.4 

113.38 

2.1 

173.5 

171.7 

170.2 1 

1<')9.0 

113.48 

2.5 

183.5 

179.3 I 

i 170.1 1 

1 174.9 

113.50 


i 

1 

vr 

feet 

■ 

Kutter, when n =.017 

D’Arcy 

.00005 

(.204) 

.0001 

(.528) 

.0003 

(1.58) 

.001 

(5.28) 

Old 

Cast- 

iron 

Pipe. 

.5 

47.2 

52.3 

57 . 0 1 

00. 1 

73 . 51 

.6 

54.2 

59 . 2 

04 . 4 ! 

Ofi.S 

74 . 39 

.7 

00.5 

05 . 4 

70.4 i 

72 . 0 

74.93 

.8 

00.8 

71 . 1 

75 . 0 

77.7 

75.29 

1.0 

76.7 

80.7 

84.4 1 

80.0 

75.72 

1.2 

85.7 

88.7 

91.5 

92 0 

75.90 

1.5 

90.9 

98.5 

99.8 

100.4 

70.10 

1.8 

100.2 

100.3 

100.3 

1 100.3 

70.20 

2.1 

114.0 

112.7 

111.5 

111.0 

70.33 

2.5 

122.7 

119.0 

I 

117.0 

110.0 

70.38 
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TABLE XXXVIII.— KUTTER AND BAZIN FORMULAS 


Applied to Flumes and Open Channels 


ContrastinK tlio fironounped and peculiar effect of », upon the value of 
c, in K utter’s formula, witli the fact that in none of the Bazin formulas are 
the coefficients of flow materially affected by any change in slope. 


Sine of angle of inclination is written above. 
Below ill parenthesis the fall in feet per mile. 


vr 

Kutter, when n = 

.012 

Bazin 

. 

Kutter, when n = 

.015 

Bazin 

.00005 

.0001 

.0003 

.001 

First 

.00005 

.0001 

.0003 

.001 

Second 

feet 

(.264) 

(.528) 

(1.58) 

(5.28) 

Form. 

(.264) 

(.528) 

(1.58) 

(5.28) 

Form. 

.5 

74.3 

82.5 

90.8 

94.6 

125.27 

55.5 

61 . 6 

67.9 

70.8 

94.87 

.6 

84.1 

92.1 

100.0 

103.4 

131.06 

63.4 

69.4 

75.5 

78.3 

102.68 

.7 

92.9 

100.5 

107.7 

110.9 

134.95 

70.4 

76.2 

82.0 

84.6 

108.43 

.8 

100.8 

107.9 

114.4 

117.2 

137.68 

77.1 

82.5 

87.8 

90.1 

112.73 

1.0 

114.4 

120.1 

125.3 

127.4 

141.10 

88.6 

93.1 

97.3 

99.1 

118.50 

1.2 

125.7 

130.0 

133.7 

135.3 

143.08 

98.3 

101.8 

104.9 

106.2 

122.03 

1.5 

139.5 

141.6 

143.4 

144.1 

144.75 

110.5 

112.2 

113.7 

114.5 

125.17 

1.8 

150.6 

150.6 

150.7 

150.7 

145.69 

120.4 

120.4 

120 .5 

120.5 

126.98 

2.1 

159.6 

157.8 

156.4 

155.8 

146.27 

128.6 

127.1 

125.9 

126.4 

128.11 

2.5 

16U.3 

165.3 

162.2 

101.0 146.74 

1 1 

137.7 

134.3 

131.5 

130.4 

129.06 

vr 

Kutter, when n = .020 

Bazin 

Kutter, when n = 

.025 

Bazin 


.00005 

.0001 

.0003 

, 001 

Third 

.00005 

.0001 

.0003 

.001 

Fourth 

feet 

(.204) 

(.528) 

(1.58) 

(5.28) 

Form. 

(.264) 

(.528) 

(1.58) 

(5.28) 

Form. 

.5 

38.3 

42.3 

46.0 

48.6 

56.51 

28.9 

31.7 

34.8 

36.3 

25.95 

.6 

44.2 

48.2 

52.4 

54.4 

64.58 

33.5 

36.4 

39.5 

41.0 

30.75 

.7 

49 . 6 

53 . (S 

57.6 

50.5 

71.50 

37.9 

40.7 

43.8 

45.2 

35.36 

.8 

54.7 

58.4 

62.2 

64.0 

77.41 

42.0 

44.7 

47.6 

48.9 

39.77 

1.0 

63.7 

66.9 

70.1 

71.5 

86.66 

49.4 

51.8 

54.3 

55.4 

47.93 

1.2 

71.6 

74.1 

76.5 

77.6 

93.33 

56 0 

58.0 

59.9 

60.7 

55.18 

1.5 

81.7 

83.1 

84.2 

84.8 

100.09 

64.7 

65.8 

66.7 

67.2' 

64.43 

1.8 

90.2 

90. 3 1 

90.4 

90.41104.45! 

72.2 

72.2 

72.3 

72.3' 

71.91 

2.1 

97.5 

96.3! 

95.3 

94.8!l07.37| 

78.7 

77.7 

76.8 

76.4! 

77.92 

2.5 

105.7 

102.9 

100.5 

99. 6j 109. 93; 

86.1 

83.8 

81.7 

80.9 

1 

84.12 
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CHART IV 
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■■■■■■■■■■■■■■■■■■■■^ 
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KUTTERuidD’ARCY 

formulas applied to 

CIRCULAR PIPES. 

Diameters 1 to 20 Incheat 
when s ■* *010 or a 
fall of 52.8 ft. per mile 


■■I 

■■I 

nl 
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iBBBi^BBBBIn'MBB^BBBI 


BBBBBBBBBBBBBBBBBBl 
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^BiBBBBBBBBB^^BBBS:^^UBBBBBKEKs('BBBBBBBBBBBBi| 

■■■■■■iEEEiEEEBEBB\!?EEk^iKS;iEEEEiSS&^iBBBEiBBBB| 

jfiBBBBBBiBEBBBBiiRB^fBBBISI^BKRrBBgBBBiS^eBBBBBBBBBl 

BBByBBQ^LiJJBBBraMk'SSSwSSM^S 

|BBifiBBBBBBBBBBBBMBBBBBKS.?1BB«QBB£^:^BBBBBB^^8IBBBBBB 

|BBWBBP||iBBBBBBBBBBI^BBBBBBBB?<2BVrHBBBSii;BBBBBBll^.'^BBBB| 

iBBBBBiEEBiiiiiiiiiBiaiiiiiiRiii^fliiifyiBiiiiil^IgBiil 

liBBaj|BBBBBgBBBBBB2BKWBBBBBBBBBRa^^BBBBBg^BBBj|BBBKBKl 



^laiaaiL . 
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KUTTERandD’ARCT 

formulas applied to 

CIRCULAR PIPER 

Diametera 2 to 9 feet, 
when 8 = .000167 or a 
fall of .88 ft. per mile. 
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KUTTER and D’ABCT 

formulaa iqiplieci to 

CIRCULAR PIPES. 

Diameters 2 to 9 jfeett 
when s » .00025 or a 
fall of 1.32 ft. per mile. 
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KUTTERandD’ARCY 

formulas applied to 

CIRCULAR PIPES. 

Diameters 2 to 9 feet 
when 8 =.0005 or a 
fall of 2.64 ft. per mile. 
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KUniat and D’ABCY 

formulas i^lied to 

QRCULAR PIPES. 

Diameters lO to 2d feet, 
when 8 .0000625 or a 
fall of .33 ft. per mile. 
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KUTTERand D*ARCY 

formula* applied to 

CIRCULAR PJPES. 

Diameters lO to 20 feet, 
when a «.0001 or a 
■ fall of .528 ft. per mile. 
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KUTTER and D’ARCY 

formiilas applied to 

CIRCULAR PIPES. 

Diameters lO to 20 ' feet, 
when 8 s .000167 or a 
fall of .88 ft. per mile. 
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KUTTER and BAZIN 

formulas applied to 

OPEN CHANNELS. 

«/r from .394 to 1.160 
when s ■ .002 or a 
fall of 10.56 ft. per mile. 
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|BBBBBBaBBBBBBBiBiaBaB^iia3Pi1BBBBaa>aaBaiP^aiBBBBiiaii 

|BBBaBBBBBBBiBBaBBBBBBBrTklk^-:ih^lWBBB<^klBBBBBk^BBBBBBBil 

iBBBBBBBBBBaEBBBgBBBBBBBilVj^iBHBBBBBBBgBBB.^BBBiBBil 

iBBBBBBBSiiiiiiiiiiiiiiiikiSjiEBiiiiii^iiiii^liiiiiii 

|BBiBBBBBiBBBBBBiBBBBBBBBk^ak;aBt1BB88BB*vlBBBBBa'BBBBBBI 
lBBBBBBBBiBBBBBBBBBBBBBair:iBAiJL;»BBaBBlC:ai:BBBBBBilBBiBBI 
iBBBBBBBBBBBBBBBBBaBBBBBBrSiWBBlBBBBBB^CiBBBBrMBBBBI 
|BBBBBBBBBBBBBBBBBBBBBBBBP%lBBBmiBBBBBkL2''BBBBB2V*^BBaBI 
|BaBBBaBBBBBBBBBBBBBBBBBBP4iMBk:A^BBBBBBBMBBBbBBBBBI 
iBBBBBaBBBBBBBBBBBBBBBBBBBg^BBBTjBBBBBBg^BBBBBB^Bgr" 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBggBBBBBBBBP^BBBBBB^BBI 

iBBBBBBBBiiiiiiiiiiiiiiiBB«iiiMiii^iiiiiiai^iiiiiihii 

■BBBBBBBBBBBBBBaBBBaBBBRBBrt'BBBBBBBBBBBBTlBBBBBBBill 
■BBBBBBBBBBBBBBBBBBBBBBBBiaaBBi'lBBklBBBBBBC^i^BBBBBBai 
■BBBBBBBBBBBBBBBBBBBRBBBBBB^LllByBBBBBBBBBaUlBBBBBB^ 
■BBBBBBBBBBBBBBBBBBBBBBBBBBk;'4'iBaBBilBBBBBBBl^BBBBBBir 
IBBBBBBBBBBBBBBBBBBBBBBBBBBB'J.lBaBiyBBBBBBiBBBBBBBI 
IBBBBBBBBBBBBBBBBBBBBBBBBBaBBklBBBBBBBBBBBiBklBr 

IBBBSpSBBBBBBBBBBBBBBBBBBBBBBBBByBalkSBaBBBaBSl 
IBBBtidkMBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBK1BBBBBBBBBBBI 
■BBBBBBBBBBaBBBBiBBBBBBaBBBBBBB»BBBBBBBBBBI 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 



kiBV.^r:^flBBi» mmmmmmmmmm mbbbbbbbbi^ 


BBBBBBB 

. Ibbbbbbbbk 

BBBBBBIBBBIBllllBBBJiBBKT7TVn7!«l7!r^nP"PrP<9!nnBBBI 

BBBBBBlBIIBBBBnBBBniBBi'lBiiBilBBBi^i<uaiBB^I«BBBB 


KUTTERand BAZIN 

formulas applied to 

OPEN CHANNELS. 

yp from 1.249 to 2.119 
when s « .000125 or a 
fall of 66 ft. per mile 


IBBBBBBBBillBBBBlIBBBUBBUIBBBBBaBI 

ibbbbbbbbiiibbibiIwbbiibbiibbbbbbbI 

IBBflBBBBIIlBBlIBklBBBWiBUBBBBBBBl 
IBBBBBBiillBiliailBiiiBBBBBBBBBBl 

I B B Jl L. a M i ■ ■ i « ■ i i M ■ i I ■ w ■ w JB ■§ M «i Bi ■■ a 

iBaaBaaBiiiiiBiiawraaaaila.iBal 
BBaaaaaiii aai aauaaaiiiaBaal 

aaaaaaaiiBiiBaiaiiaaaiiaaiiaai 

BBaBaBaiiBnaiiaivaiaMBaaaaaaail 

Baaiaa B|ii ijii Bill iliB liB BBaaail 

IBBlfjLLeBMaaiiiiMaiiSaiivBiaiBiaiMaiWHBBBlI 

IBBBBaBBBBIVBailBWBBBBBBBiBBBBaBBBBBBBBBBW 
IBBBBBBBBBIIBBIIBBBBBBUBBIIBBBBBBBBBBBBBBBBI 
■ BBBBBBBBBlIBBmBBlIiBBlIBBUBBBBBBBBBBBBBBBBI 
IBBBBBBBBiBlIBBB'BBilliBBBBBiliiiiBBBBBBBBiBBiL. 
IBBBaf!*BBBIIB BBBBBIUBBBUBBBBBBBBBBBBBBBBBBBBI 
iBBrilliiiiBBBllBBBBBBI\BBBBBBBBBBBaBBBBBBBaBBr~ 

IBB'PTr!B!5!!£!*i'iSS!«=S^==="5i!S»SSBBBBBBBBBBBI 

-IBBiWlllil 

JBBBBIvr 

IBBBBBBBBBBIll 

IBBdi^tfilB 


ssBS8i:::ii| 

BBBBBaBBBIll 

BiBBBBBBBIll 

Bill 
Bill 
Bill 
Bill 
Bill 
Bill 
Bill 
Bill 
Bill 
Bill 
Bill 

■■■■■aiHvBIII 

BBBBBBBBBIll 


■III 


BBBBBBBaaill 
BBBBBBBBilll 
BBBBBBIll 


E&lSBilBBflBBBiSiBBBBaBBBBBBaB^ 
iBBBnBBBBiBiiBiBBBBBBBBBBBBBB 

!8ass£s»»;asHsssi 

IBBBIIfllliiiiiBBEBABBI 


ill 

JBBBBBBBBBBBBBI 

BBBBBBBBBIIBflBBlIBBBBBBHBBlWBBBBBBBBBBBBBB 

BBBBBBBBBIIBUBBliBBlIBBBlIBBBBBBBBBBBBBBBBBB 

BBBBBBBBBIIBIIBBIIBBIIBBBBBBBBBBBBBBBBBBBBBB 

mir;^^mai|flaBaiaiiiiMaiaiMMatMMaa'BiaBaB«aaiaaiBi«] 

■-^-=-==:^i;iiiiii|-,iiBiiiii.|i====== 


BBBBBBBBBBBlBBBBBBBBBBBBBilBBBBBBBBBBBBBBBBBBBBBBBIll 
BBBBBBBBBBBBBBBllBB9BBBUBBBr'BBBBBBBBBBBBBBBBBBBBBBIl| 
BBBBBBBBBBBBBBBlIBBlIBBBlIBBBrBBBBBBBBBBBBBBBBBBBBBBIll 
BBnTrfBS»Bil5.'*BB!!59!!SB5»SS.rwSSS?*BBBBBBBBBBBBBBBII 
BBBBBBBBBBIIBlIBBlIBBlIBBBBBiBB^BBBBBBBBBBBBBBBBBBBBBII 
BBBBBBBBBBIIBlA'JjBWBl:.:. BBBBBBBIi;<BBBBBBBBBUiBBBBBBBBBBBII 
iBBBBBBBBBIIBIi;JBBBB;iBBBBL’JBBBBBBBBBBBBBBiBBBBBBBBBIl| 
iBBBBBBBBBIIBi>JBBlBtinBBBII:JIBBCBBBBaBBBBBBiBBBBBBBBBIl| 
BBBBBBBBBBI BB PBBilBZl IBBBII4BBi:<BBBBBBBBBBBBBBBBBBBBBIl| 
BBBBBBBBBBBBBrvHBIIBiii^lIBBBBngBBiBBBBBBBBBBBBBBBBBBBBBBIll 
BBBBBBBBBBBBBlBBlIBBUBBBBililBBIl^BBBBBBBBBBBBBBBBBBBBIll 
BBJ3X*^B5S5SS9Sa«SslS^r;s;SSS?;SS;;j;SSS===aBBBBBBBBBBBBBIl| 
BBBBBBBBBBBiil^lMBi'BBDtdBBaft^WItBBBBBBBBBBBBBBBBBiBBBIll 
BBBBBBBBBBBIir=UBBBBK*3L<BBBlKBBI^rBBBBBBBBBBBBBBiiiBBill| 
-IISBBBBBttniBBnBBBl^BBBBBBBiBBiBBBBBBBBEill 
i^i::JBB.BB’:i\fnBBU::^r 


ini 


JBBBBBBBBIII 

BBBBBBBBBIll 

III 
III 

BBBBBIll 
BBBBBBBIll 

BBBBBBBIll 

BBBBBBBBBIll 

Ill 

BBBBIll 


1888 ! 


JBBBBBBBBBBBBiiiBBBII 

BBBBBBBBBBBIIBIISBBBBBttniBBnBBBl^BBBBBBBiBBiBBBBBBBBEilL 
_JBiBBBBBBBBBIIPi^i::JBBIB’:i\fnBBU::^BB.\JBBBiBBBBBBBBBBBBBBBIl| 

B BBBBBBBBBBIIB4BBBIIBC^Uir:^BBI1>^BBItJBBBaBBBBBBiBBBBBBBBIl| 
BBBBBBBBBBI)iJMf!BBllBBt\'r;BB8IBBBIlPBBBaBBBBaiBBBBBBBiBll| 
BiI(iCBBaa«aBmiiiC'aaifHL:M:aBiMBii-««air:aBgMHBiaipBBBBBBBBBBBIl| 
BBBiiigBBK419rMil^f4JlBBBtl!!ikBBiBBgBEBBBBBBBBBiai|| 


BBBBBBBBBBBraBBICnBBf^^J'ilBBBlitJBBrTIBI 
jBBBBBBBBBBaBniBlinBBP!inilBBBH*]BBiV4IBBBBBBBBBBBBBBBBBBIl| 

'■iaBaaBBBBBa.lliail^^BBlIiJBM^^BBBt^BBlI^BBBiaBBBBBBBBBBBBBIll 

|iBBiBBBiiiii~iiiiriF3iii'"i=ii\Iiii«iiEkiiiiiiiiiiSBBBBBBBB!!| 

fBBBBBBBiBBBBBI'BC^IiBBI'BF^ni?aBBi:9BBrBBBBBBBBBBBBBBBBBBIl| 
iBBBBBBBiBBBBaiBBf'lBBBBflliaBBltJBBJEWBBBBBBBBBBBBBBBBIll 

|BBBBBBBBBBBBBBBBll3BBlBjllBBBIi:JBBn['1BBBBBBBEBBr 

liiBBBBBBBBBBBBBBIViBBlIBJlVBBmBBU^BBBBBBPBiBa 

~IJ«bii^BaiaappppBMii-iPPiiPPiAPPPB.b-BiiBwiiiBiiPBPaiiBapBBBBBBBII| 
JBBBBBBBBBB HliK 4t^BBIi::]r|1tBBBrBBBuBBBBBBBBBBBBBBBBBIl| 

S BBBBBBBBBBBBHlIBiti'BBll^r^dllfBBBir-PBBPtiBBBBBBBBBBEBBBBBIll 
BBBBBBBBBBBB.IIBIUBBBwr^i'lIBBBUBBBIVliaBBBBBBBBaBiaBBBIll 
IBBBiBBBBBBBBB^IIB^BBBBUJ-^liriBBIV’aBBlTIBBBBBaBBBBBBBBBBIll 
|BBBBBBBBBBBBBrjl9*,4 IBBB PaBFTrBByiBBIldBBBBBiBBBBBBBBBBIll 
|BBBBBBBBBBBBBBIIBHilBEBIIB;:!lBBBIl^BBilBBaBBBBBBBBEEBBBBIl| 
iBBBBBBBBiBBBiiiBPlIBgillirUIBBil^Bii^iiiiiBiBiBiBBiBBIll 
iBBBwJIllMaiwHaiBipaMwaiiiNaBiBiaiiuiirawainii'iwaMieWMBiaiainiBiaia ■BBBBBIll 


nil 


iiv^ 


BBBBBBBI 


|BBBBBBBBBBaBBBLJ«nBBBBlf!MliaBBrnBBIlBBBBBI 

IBBB.XlHiLiBakBiaBwaaRai'.^iiaiM waiaiir.i'. iiaiaiMa'aiSaaai ■§■■■■■■■■ 

|BBBBBBBBBBBBBBhrllBBllBBBIlr^P)f.lBBBBiBB«BBBBI 
iBBBBBBBBBBBBBB^ItBBlIBBBiirUUlIBBBIBBBJIBBBBI 
l■BBBBBBaBBBBBByi«BliBBa■BBBI1BaallBBBklBBBBI 
IbbBBBBBBBBBBBBBBBBI BBBBBBUiWBBlIBBBHBBBBBiiBBi 

|BBB.£:XC.eBiiiiiiBBiiiiBBiiiiiiiiiiiiii«iiii«Bii laiaiMi 

iBBBBBBBBBBBBBBBBBBBBBBBtlBBBBBBlIBBBBBBaBI 

IflBBBBBBBBBBBBBBB IBB IBBBlIBBlilBBI BBBBBBBBI 

iBBBBBBBBBBBBBBBBlIBB’fBBBIlBBtlllBBBBBBBniBBBBBiBBBBBBBBI 
iBBBUTnBBaHaMBBHIIMBii'lBMBB’BaiUlIPBBPaBBilBBBr 
^IBBBBBBBBBBBBBBBBBIWBBBBBUBBBBIIBBBIII 


■111 

BBBBIll 
BBBBIll 

aaBBiil 
BBBBIll 

zzr“ii| 

IBBBBIll 
laBBBIli 
■■■Bill 
BBBBIll 

Il| 

■■I 

'l| 

IM 
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■■■■■■■■lllllHBBHiraHiHllMHMBlI 
■■■■■■■■IIElIBBBBllBBBBUBBBBBBBlI 
BBBBBBBBlIWlIBBllBlWBBBlIBBBilBBBlI 

S Lr;iL-B^::r — ■" 

BBBBBIIBlIBBlIBBnBBBBBBBilBBBII 

BBBBBBBBIIBtlBBilBBiVBBBBBBBBBBBlI 

BBBBBBBBlBlIBBBBBIVBBBBIlBBBBBBlI 

BBBBBBBBBBHBBBBBi\BBBBUBBBBBBll 


IBBBBBBBBBBBBI 


KUTTER and BAZIN 

formulas applied to 

OPEN CHANNELS. 

«/r from 1.249 to 2.119 
when 8 «. 000167 or a 
fall of .88 ft. per mile. 


i BBBBBBBBliailBBlIBB^lIBBBI 
BBBBBBBBIIBlIBBlIBBiMBBBI 

l»::ssss:Kiis»»i'assae»ii!88!Si 

|BBBBY1?BBBIi::U«BBBBBBBBBa«BBUBBBBBL 

iBBBdiaiBBBBBlCllBBBiaBBBBBBBBBBiWBBBBBBBBI 
iBBBBBBBBBBCJJiBBlIBBAIBBBBllBiBiBiiiHiil 
iBBBBBBBBflBrilllBBlIBBinflBBBiiBiliBialliil 

S BBBBBBiiiiL^ilBBiiBBWBBfliiiiBiiir’’ 

IBBBBBBBiBBIK^iUliBBiBBBBBBBiiBBl 

iBBBAlfiiyBBiHHiicMaaMiimHiiBBmBiii.iaBaaBMBBBBI 

. j gllj^l 

llBaiBBBIliiliBBBBlI!lBBllBiiiilii 


BflBBBBBBBBBBBBBBBBBBBBBBBBBBI 

^i8B8888888888i 

BBBBBBBBBBBBBI 
BBBBBBBBBBBBM 

188888888881 

BBBBBBBBBBr 

"lissisiS, 
!88B8888B8888i 
!8K|i88SS88[ 

IBBBiiBBBBBBBl 

^ IBBBBBBBBBBBBI 

IBBBBIIE^BBBIIBBlWBBBU=1BBi1:3BBBBBBBBBBBBBBBBBr 


IBIEJUl 


■111 




. ■IBaiBBBlIBBBBBBBBHBBBkBBBBB ^ 

|BBBBBBBBBBBilBBilBBBBBBilBBBBEaBBl)mBBBBBBBBBBBBBBBBi 

iBBBBBBBBBBBBBaHIBBBlIBBIliBBBIliiiBUEBBiBBBBBBBBBBBBBBi 

|BBBBBBBBBBEidBBI\tBBBI1BBilt:»BBBM;!BBV2iBBBBBBBBBBBBBBBBB| 

|BBBBBBBBBBB7lli:ilBBBI1BB:nciBBB^BBBBBiBBBBBBBiBBBBBBB| 
iBBBBBBBBBBBPI1B^BBBBBBmf!1BBB.t‘9BBkr:lBBBBBBBBBBBBBBBB| 
iBBBBBBBBBBBFIlBr.lBBBBBCLtnBBBBlIBBBIilBBiBBBBiBBBBBBBBi 
iBBBBBBBBBBBIM41BB.IBBBilBI:llFBBBIl<^BBilPIBBBBBBBBBBBBBBBB| 

iBBBBBBBBBBBiia^^WiElliipBBBBBrBBBrrBBBBBBBBBBBBiBI ^ 
lBBBBBBBBBBBiBirilBiBllBB|iaBBBCIBBBK:liBBBBBBBBiEBBBBB| 
iBBBBBBBBBBBK:^BBB«BBB'BBet\t'aBBBiFBBBI1BBBBBBBBiBBBBBBi| 

'IHlIBBBBBBBBOIaaBBBI^HIBBBTlBBBBBBBBBBBBBBBl 

I^IIBBBiBBBiBI\t^BBBIMBBBr:Br 

. JiillBB.iBBBllBirrAf^BBBP^BBBCia ^ 

1 BBBBBBBBBBI)B^uEBBI14EB\hBBBBrWBIVaBBBBBBBBBBBBBB| 
BBBBflBBBBBa«ElWBBBiZBPi\lBBBBUr^BBil^BBBBBBBBBBBBBB| 
iBBBBBBBBBBBBBBBKlWBBBCBCmBBBBIinBBaMBBBBBBBBBBBBBBi 
iBBBiBBiBiBBBE^BEilEBBBClEliC^flBBilBBBBttBBBBBBiBBBBBBBl 
|BBBBBiBiEBBBBMBli3flBiBkr.aMVBBBB-BBBl*BBBBBBiBBBBBBi| 

E ii£^uB===;===;;^==‘:'..==s»:^E-i'..=e==r:===:tr:=====;=BBBBBBBi 

-ilBBI1BBBBWBiAl:^BBBBaBBBdiBBBBBBBBBBBB| 


Bbbbbbb 

IBBBBBB 

Ibbbbbb 


J^IIBL ^ 

BBBBBB^ifBP11BBB8IPl^iVEBBBIlaBBB^BBBBiBBBBBBiB| 

IBEl<BBBBC.WMBBBBaiyBBi!l:3BBBiBEiBBBiB| 


BBmHMB ainwai 


lkl>^B^1klBBBBBBi 

Ilf nw Till 


IBIII 


|■BBBBB 
IBBBX 


S VB-Tl.lBBBIinBailBBBBlC»BllSBBBBBBBBBBBBi 
l■BBI1BBB■teBr^^lliiBiKaBBBl^EBBBBBBBBBBi| 
BBBBBBBBlIBBlIBBBBIBBmiBBBBllBBBBEaBiBBBBBBBBBl 
BBBBBBBBllBBIWBBBBBanBBBBBBBBB&taBiBBBBBBiBBi 
BBBBBBBBlIBC^BBBBiCIBaUlBBBBBflBBMilBBBiBBBBBBBl 
BBBBBBBBlIBkdBBBBltBB^lIBBBBIlEaiilAJBBBBBBBBBBBl 
BBBBBBBBBBailBBBUILia jilBBBBlIBaBBr^BBBBBBBBBBBi 


IJIfi>BwBiiBwiBBiBiaiiiaiiiPSiaMiiaiBii3w.'';iBiifl 

-lBBBBaBBB*9llBBBBr:BFaBBBB|IBBaBraBBBBBBBBBBBd 

liBBiBaBBUBBBBBBBBBBBl 


■BBBBBBBBBBBaBBiia^MBBBBrBLiAllli 


Bbbbbbb 

|BBB:£ti:Ll 

Bbbbbbb 
Ibbbbbb 
Ibbbbbb 
Ibbbbbb 

. U-lUtL 

Ibbbbbb 

Ibbbbbb 

Ibbbbbb 

iBBamn 


E BBBBBBBBIIB^tiaBBBkrWWIIBBBBBBBBIVBBBBBBBBBBi 
BBBBBBBBIIBaiWBflBIlBB-llYBBBBllBBBBBBBBBBBBBBBi 


BBBBBBBBBIII 

BBBBBBBBBBf 


IBBBJBBBBiaiB^JBBBalHBiBBaiBBiBBBBBBl 
1 BBB \IBBBB BB^riilBaBiBBBBIlBBBBBBBBBBi 

IBBBiMBBBBiBElltIBBBBBBBBUBBBBBBBBBBi 

BBBBBBIBBBlBBilVWBBa.lBPJniliBBiliBiBiiiBBBBBiBi 

BBBBBBBBBBtlBfll\BBBBIIBS!jBBBflBilBBBB5BBBBBBBBB| 

BBBBBBBBBBIIBBB'BBaaiWB':iaiBBaMBBBBnBBBBBBiBBi 

BBBBBBBBBBlIBBBnBBBBBBailllBBBBBBBBilBBBBBBBBBI 

■bbbbuBbbbbbbiibbbbbbbbbbbbbbbbb 




■Milana* aaBaBaaaBt<flBi 

BBaBBBBairyr^>a>*ifmvyPtPSip^B^riHai BBBBBBBBaaBBBBaBBaBa Bi 
BBBBBBBBIKfeaaiiBBliaiaBBMBBaaBBMaHHHHHHHHHHiai 
BBBBBBB ■UllBBl'Bai^IBBBBi'BBBB'BI ai 

BBBBBBBilllllBBBBBBaaBBBiaBBBaa^HjiUl^L&IJLLllji^HBI 
BBBBBB a l» lIBBB IBBiV BBBBBiIBBBkll ■■ 

BBBBBBBI1BlBBBi111l\BilBByBBBPi^VmMjFj|^|\<llTlfnn^H>l 

BBBBBBBIIBlIBBBIIBiBaBBBBBiaBiiHnMnKRWIlHPffHBI 
BBBBBBBBBUlIBBB'BBBMBBaBilBBB^lHIikpMvaaHTAmAHMBI 
aBBBBBBBBIUIBBBaiBl\^BBBiBllBBB|t 
BBBBBBBBBailBBBliBIVBBBBaUBBBl 

BBBBBBBBIIBlWBBilBBi\BBBBBi«ail 

BBm[L.B55ii=iiisSiiS5MiiS5S5»SS«».aiai«iiHnHaBBHaBHBa»ai 

BBBBBBBBIir?<iiaBBilBBB\I * 

BBBBBBBBIItTnBBBBBBBLV 

BBBBBBBBIlEXIlIBBBBBBIVBaBBBraaBBiBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBCJ^IiaBBlIBBl^aBiBBaaBBiiBBBaBBBBBBBBBBBBBBBI 

BBBBBBBBBB'lRIBBBIlBBBBBBBBBBBBBlIBBBBBiaBBBBBBBBBBBBI 

BBaBMBBBBBBl!"BBI1BBB;\IBBBBmBBBVBBBBBiBBBBBBBBBBBBBI 

aaaBBBBBBilt^liUBBBiBBMBBaBiMBBBBBaBBBBBBBBBBBBBBBBI 

BBBBBBBBBlIP^V^BBBBBBIVBBBBBMBBB.BBBBBBBBBaiBBBBBBBBI 

JRT-i:oa---S!E£!.5:-=----*-"“-'--!-=il!-!-=aBBBBBBBBBBBBBBI 

HBBBBIWBiVniBBilBBBlBiBBBBBBBllBBBBBBBBBBBBaBBBBBI 
— HiBIIBZSIflHBBlIBBBkaBBBBBaaBBBBaBBBBBBBBBBBBBBBBI 
lIBBBlIBBBBBlIBBBBBBBBBBBBBBBBBBBaBBI 


aaai. 

aiaaBBBBBBB^IWBBlII 
BB£ii: 4 JBpBaB«Hii''«i;aaBaBaA‘aHaBBA]PiBaBUiaBBaBBBBaBPBBBaBBi 
BBBBBBiBBBBrMaBBBBBBBBBBBBBkXaBBIlBBBBBBBBBBBBBBBBBI 
BBBBBBBBBBilE^JBaaB;lBBBlBBBBB&;«BBBBBBBBBBBBBBBBBBaBI 
BBBBBBBBBBIiar<Tl1BBBI1BBBkliBBBBiVmBBBBBBBBBBBBBBBBBBBB| 
BBBBBBBBBBIia*4IIBBBi1BBBI1BBBBBII=1BBBilBBBBBBBBBBBBBBBBi 
BBBBBBBBBBltB^lIldBBBaBBB'BBBBBI'BBBBnBBBBBBBBBBBBBBBBI 
aB'a 7 nBS-=-!S'SliiV^=="==-" 5 =SS^===^'=S=S 9 BBBBBBBBBBBI 
BBBBBBBBBBBBL:nraBBilBBBilBBBBBirnBBBaBBBBBBBBBBBBBBBI 
BBBBBBBBBBBBrtlt««BBllBBBklBBBBBanBBBJrBBBBBBaBBBBBBBBI 


■il 


I’iU 


■111 


ill 


iik^i 


ini 


il 


BBBBBBBBBBBtlBSlIBBBWBaBB'BaBBBaaBBBiWBBBBBBBBBBBBBBI 
-‘iBaBBBiBBBIIB-^lIBBBBBBaBBBBBBBCaBBBaBBBBBBBBBBBBBBI 
jri’TrB5BBBB**5B>'’BBB5'*BBB’*B5!!9!5!‘^'^"'!!B'*BBB9BBBaaBBBBBf 
BBBBBBBBBBi'BrUc.'BBBklBBBilBBBBBIiyiBBM‘JBBBBBBBBBBBBai 
BBBBBBBBBBBBr:vaBBBI!BBBI\BBBBBa?9BBiUBBBBBBBBBBBBai 
~BBBBBBBBBBaBEn\IBBBVaBBBaBBBBBCrBBBB^aBBBBBBBBBBBBI 
BaBIBBBBBB>IBa^f!IBBBaBB'^lBaBBBi;iBBB.^lBBBBBBaBBBaBI 
~BBBBBBBBBBIiaLiAI^BBB.lBBJLlBifBBkVHiBBBUr*'iBBBBBBaBBBBBI 
BBBBBBBBBBIIBPM^BBBilBBki^MBBBBBI>*1BBBI1BBBBBBBBBBBBai 
iBaBBiiBiBil!iMVtfBiil1BiCVBiiiiir^iiiiP«iiiBBBBBBaBI 

v»a«aiaiBiMtrmMT>'«MMaSBBBBBBBI 

iBBBBBBBBB^aaiBBBBaaaa\iaBBBBCMBBkiaBBBiiiiiBBBI 

‘^aBBBBBBBBBBBiFriBFIBBBBllBBKtV^EBBBBM^BBBBIt'BiBBBBBiBBBI 
iBBBBBBBBBBBtlHBlIBBBBlIBBuLciBBBBPaaaBGVBBBBBBBaiBI 
iBBBBBBBBBBBIIMBI'aiBBlYBBBl.raBBBBvaBBBiiiBiBiiBBBBBI 
_JaaaBaBBBBBBIiyBIBiBBBBBa:^klSBBBBl\-7iBBai\‘^BBBEBBiiBBI 

^aBBBBBBBBBBBBaaa liBBBiraBaH'aBBBBEnBBBBVraBaiiBBBBBI 
BBBBBBBBBBBBBBBBB^IBBBaklMUlkBBBBBBraaaiMBBBEBBBBBBI 
BBBBBBBBBBBBaBBBI1BBBBi1BBE«X:iBBBBBBBBBI!’3BBBBBBBBBI 
BaBBBBBBEBBBBliaBIWBBBB'BBB^II-JBBBBLvaBBBadBBBBBBBiai 
BBBBBBBBBBBBBItJBIBBj|BBUJ|aHflt«BBBB|i;:jBBBB^aBgaBBBBBI 

a i*[-?’_rjBSsa!Ssssss*^ssss^ss?tV..~iSu.''««Mji5S5»'PS55s»y'^s—ssaaBai 

BBaBBBBBBaBBBII>«BBlBaBBUBEhia.l: 4 EEEicaBBEl>-^BBBBBBBBI 
BBBBBaBBBBBBBB'MBBklBBBBiVvBm'klBBBBBiLaBBBarMBBBBaaBBI 
BBBBBBBaaaBBaBClBBlIBBBBBaBaaikBBBBaklBBBBBtriBBBBiBBI 
aBBBBBBBBBBBBBBBBBiWBBBnankl'raBBBaUBBBBaBBBaBBBBI 
■BaBPBBBBBBBBBBilBBBBBBBBi»BC:aMBBBBr;^BBBBkTnaBBBBBBI 


IByinbaaaBllBBBBBkV-IBBBBBBI 

IBCaiaBBBBSBBBBa.BBBBBBI 

lEEIUlBBBBaiBBBBBrTBBBBBBI 


Jilf!^BBilBBBBi1T:BE«|1CIBBBBi’ 

BaBBBBBBBaaBBBaif»BBl1BBBBB't?«Bv4i'klBBBBMBBBBBiCBBBBBBBI 

BaBBBBBBBBBBBaainBBIlBaBBBU 

BBBBBBBBBBBBBBBBPBBiiBBBBBilB. 

BBBBBBBBBBBBBBBBraBBBBBBBkIBI 

BBBBBBBaBBBBBBaBiraBBBBBBBilBBCaiWBBBBMBBBBBi^BBBBBBI 
BBaaaBBBBBBBBBBBirTtBBilBBBBBr BB:jmBBBBBI1BBBBBlV7lBBBBB> 

BB;j^C«Biiiiiiiiiiiiiiiiii 

BBBBBBBBBaBBBBBBIlBBBIJBBBBBlllBaklklBBBBBBBBBBB'rraBBBBI 
aBBBBBBBBBBBBaaBI BBBi BBBBBklBBCPIlBBBBB laBBBBBBBBBai 
'IBBBBBBBBBaBBBBBBBBBBaBBBBllMBEABVPPBBkJBBBBBlllBaBBI 
!BliBfiBiBiBBiBBBiBlBiB\lBBBaB^aB 4 BaBBBBItBBBBBr\HBaBil 

BBHiaMBBaBflaaiBBMaBiaiiBBaMkliMiiaaBaBaB V^BB'^tiSvflaBaBHifli HvHBBaaaaaB raaBaa mhii 

BBBBBBBflBBBBBBBBBlIBBakUBBBBBiVyBPnklBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBI 1 BBBI\BBBBBIIBBI^%]i«BBBB«BBBBBaBaiil 

BBBBBBBBBBBBBBBBBI 1 BBBiiaBBBBi«Bf«»BBBBBnBBBBBnaBii 

BBBBiBBBBBBBBiBiB|«BBikiBBBBiBBBMlliiii'Biil 9 <^i""El 

■BBBBBBBBBBBBBBBBBBBBBiUBBBBBllBBCrMlIBBBBB'iaBBBBriBBBI 
BBBBBBBBBaaaBBBBBBiaaailBBBaBlIBBIAlIBBBaBBLIBBBBBllBBBI 
aBBBBBBBBBBBBBBBBBlIBBBIIBaBBBl'BBBrBBBBBBIiaBBBBrBBBj 
aB* 1 TnBBBBBBBBBBBBBIlBBB«VIIBBBar 
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■■B«HBBllBBli!TBBt9BrPBllAvpPBBnpraBBBBBraBBBB! 

BBBBiBBIlB.lliyMi^UkiSaBteAVI.IiBPMiiiBi^BBBBiilflBBBHHHH|HHiB| 

BBBBBBBIIBUillBBBBlIBBBBlBBBBBBBBBBBiBiBBB^^n^^^HlI 
BBBBBBBlWilBBBBBB'BBBB^lBBBBBBB^lBBBBBllBBBHVSI^HliHBl 
BBBBBBBBBBBBBBBflBiBBkMBBBBBBBBBBBBBBBBBKPnOKSBl 
BBBBBBBBBBBHBBBB^lBBB11BBBBBBBBBBBBBBBBBM33tfcm" 

■ BBBBBBBllBni BBBBl BBBB IBBBBBBBnBBBBBIlBBMfUia I ri 

B bbbbbbbiibbbbbbbbbbbbivbbbbbbbhbbbbbbbHM943^i| 

BBBBBBBiWBBVBBBBilBBBBlBBBBBBBBBBBBBLlBr 
BBBBBBBBBBBJillBBBBlIBBBBlBBBBBBBklBBBBBBBl 
BBBBBBBBBBBlIlIBBBBi'BBBBk^BBBBBBBVBBBBr ~ ~ 

BB£ JtUBS5=iiS^.<iiSS5«S2iiSi. SSSS=S»SS»: 

BBBBBBBBBUBBBBBPBBklBBBBBBBBBBBBilBBBBBrl 

BBBBBBBBBI1BBBlBiBBBBBBBk1BBBBBBBMBBpBBBKlUIV:^il3:4B| 

i BBBBBB'BBklllBBBBB'BBBBrBBBBBBBBBBBI 
BBBBBBBBIU!BBBBBBBBBBBBBBBBBB(lBBi 
■BB^^BBBBBHU'VBBBBBklBBBBLlBBBBBBByBBI 
IBPPPBBBBBlIBBBHBBBBftlBBBByBBBBBBBBBBI 
IBBBBBBBBBlIBBlilBBBBlBBBBBBBBBBBBBBBBBB^^^^^^HlI 
IBBBBBBBBBlIBBmiBBBBBBBBBB.lBBBBBBBnBBBBHHHHHHllI 

BBBBBBBBBBB&IBBIIklBBBHBBBBBBklBBBBBBB^WBBBBBEll 

BB;i;irBaPPPHIiaF^liaBPaai««PPPft1PPHBPBBBBHBBPr\]B^ 

BBBBBBBBBBBAlBi-'^ilBBBBByBBBBBBBBBBBBPklBBBBkfBBBBBBBB 

BBBBBBBBBBBBBB^i.lBBBBBBBBBBBilBBBBBBk'-yBBBBB'-YklBBBBBBB 

BBBBBBBBBBBBBBPMVBBBBBJBBBBLIBBBBBBirmBBBBB^VBBBBBBB 

BBBBBflBBBBBBlIBRyklBBBBBilBBBBABBBBBBB^i^BBBBMBBBBBiB 

BBBBBBBBBBBBlIBBBlIBBBBBVBBBBBBBBBBBBC^yBBBBB^tlBBBBBB 

BBTiTrB"-==--*--:2i’---5---"=-‘."“=====!^*'""="™2==aB 

BBBBBBBBBBBBBBBI^ilBBBBBBklBBBBLVBBBBBB^iBBBBA-XBBBBBB 

BBBBBBBBBBBBBBBEiUilBBBBBIlBBBBABBBBBBBPklBBBBB^klBBBBB 

BBBBBBBBBBBBBilBr.:VllBBBBBBBBBBB.lBBBBBBK-^BBBBBC3raBBBB 

S BBBBBBBBBBBBklBBnyBBBBBBBBBB.TW^BBBBBBBPBBBBBkr^lBBBBB 
BBBBBBBBBBBByBBHklBBBBBBklBBBr.YBBBBBBBr^klBBBBiT^iBBBB 

BBBBBBBBBBBBBBBBliiiklBBBBBBBBBB^^iBBBBBBBnBBBBBB'iBBBB 
BBBBBBBBBBBBBBl■BBJIIYBBBBBB.lBBB&^\BBBBBBB^JiBBBBB'^nBBB 
BBBBBBBBBBBBBBklBB:J(\«BBBBBilBBBk;kkilBBBBBBIr;yBBBBB^yBBB 
BBBBBBBBBBBBBfli1BBki-yBBBBBBA^BBBBYr\YBBBBBBA^'BBBBB»>9BBB 
BBBBBBBBBBBBBBA'BBCHilBBBBBBBBBBCIV'BBBBBBBL^BBBBBB^klBB 
BBBBBBBBBBBBBBBBBBSI1BBBBBBilBBBL*^VVBBBBBBL:.MBBBBBI^yBB 
BBBBBBBBBiiiBBBBlB^AWBiBBBlIBBBBHlIiBBBBHi'BiBBBIL'^li 

BBBBfliBBBBiBBBBIlBBFllBBI 
BBBBBBBBBBBBBBBAWBBaklBI 

BBBBBBBBBBBBBBBBBBBr,dYBI . 

I BBBBBBBBBBBBBBBlBBBkVBBBBBBB'BBBBrklt^BBBBBB^tlBBBBBLAy 
BiBBBfliiBiBBBflil|iBk^AkBBBBBBBBBBBrVkV'9BBBBB&uiBBBBr'l 

H B9iiBiiiBEBBBiilliBKailBBBBBBklBBBKay::VBBBBBABBBBBB>;1 
■SdliiBBBBamBBBE'lTBBBBMBBBPPPVBBHBLIklCBPPBPMByiaMaPPyil 
BBBBiBflBBflBBBBBBaBBBBLYBBBBBy^BBBBflir^BBBBBkiMBBBBBB 
BBBBBBBiBiBBflBBB«lBBBBi'BBBBBBamBBrariY>^BBBBBi:^l[>BBBBBB 
BBBBBBBBBBBBBBBBPi11BBBB\IBBBBBAk1BBBBnA'PBBBBBB;J.«BBBBB 

IBBBBBBBBBBBBBrMBBBBJBBBBBCA^BBBBI^^lBBBBBBBiuMBBBBBI 

.. „ IBBBBBBBBBBBBBIfA1BBBBI1BBBBBk:aBBBBk:yk1BBBBBBkA^BBBiBI 
|BBJ!;^L!iS==S=;=====:r^.^'=SS=.'=«====:T'.;;S=S^-.;i'^=S==S=:^^==2s 
IBBBBBBBBBBBBBBBBBB-^BBBBBBailBBBBnJit^BBBBBBeklBBBB 
IBBBBBBBBBBBBBBilBBBrBBBBBBBA'BBBBPm^^BBBBBliBBBBB 
iBBBBBBBBBBBBBBBBBBlIBBBPVlBBBBBBf^BBBBrJ^i^TBBBBBBBBBBB 
IBBBBBBBBBBBBBByBBBPAYBBBBBB^klBBB»:-.«rBBBBBBBriBBa 
iPBBBBBBBBflBBBt'AVBBBHBBBBBBE^yBBBBTnk^BBBBBBByBBBl 

EBBBBBBBBBBBBBBi^ilBBB«klBBBBBKn.lBBBB«Bl. 

BBBBBBBBBBBBBBBBBBJiklBBBBIlBBBBBBaklBBBBLY^MBBBBBBBnBBI 

BBBBBBBBBBBBBBBBBBtiyBBBiAlBBBBBBi^BBBBrny^BBBBBBBBi 

BBBBBBBBBBBBBBBBBBBWBBBniBBBBBBBBBBBCimrBBBBBBBli 

‘■BBBBBBBBBBaBBBBBBBaaBBBiakABBBBBB-ilBBBBtJBLllBBBBBBMB 

■aBaaBBBiiiEliBiBflBE^kliiirv.llBiiBBiABiBB^yBCaiiiiiil 

BaiiBBBBBBiBBBBBBBBBAIBBBBai\]BBBBBBr.klBBBBwJ4.1HBBBBBaBI1 

BBBiiiBiBBiBBBBBBBBB^BBBBBkVBBBBBBk^yBBBB.'SUAVBBBBBBB 

BBBflBBBBaBBaBiBBBBBBK^lBBBBiVBBflBBBk^ABBBBaAVBBBBBBBBi 

BBBBBgiiaafiBiiiiBiirtfkliiK^MBBBBiiJBaBiBBkliiBiiaij 

BBaBBBBBBBBBBBBBBBBBBt'iBBBSArBBSBSBBl'BBBBBMBiBBBBBai 

BBBBBBBBBBBBBBBBBBBBBBiBBBrAilBBBBBBBBBBBBBBklBBBBBB 

BBBBBBBBBBaBBBBBBBBBBBBBBBr^nBBBBBBBklBBBBBliWBBBBB 

BBBBBBBBBBBBBBEBBBBBBBklBBBB^UBBBBBBayBBBBBkJBBBBBBil 

■BBBBBBBBBBBBBBBBBBBBBk'BBBBBIIIlBBBBBBB.lBBBBBarBBBBBI 

BBBBBBBBaaBBBBBBBBBBiBaBBBBBllIBBBBBBBklBBBBBiiaBBBBBI 

aaBBBBBBBBBBBBBBBBBBBBBVBBBBBVBBBBBBBA^BBBBBnBklBBBBI 
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tipper portion of Chart lJ,wuh 
harizorUal scale douhled, to render 
the curves more readily traced. 
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